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lobn  ^.  oalinsloto,  c^sq. 

My  Dear  Sir: 
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intyunds,  and  appropriate  from  a  civilian  student  in  the  Art 
cif  \Var«  to  a  civilian  ever  foremost  in  improving  and  devel- 
oping the  mati'riel  of  war ;  but  it  is  an  expression  of  that 
rt'-pect,  shared  by  my  countrymen  at  large,  for  the  liberality 
and  enterprise  to  which,  together  with  the  efforts  of  your 
x^Aoriatev  we  are  indebted  for  the  f/me/v  "  Monitor,**  the  first 
hcimr-made  steel  Ordnance,  and  the  introduction  of  the 
Bessemer  process. 

I  am,  dear  Sir, 

Very  respectfully  your  friend, 

A.  U  HOLLEY. 

Saw  YoRiL,  SeftrmSer  21,  1864. 


PREFACE. 


ALTHoron  the  want  of  a  work  on  the  construction, 
rHcioirKmentii,  and  fvsults  of  modem  Ordnance,  will  be  gen- 
erally aclmttttHl,  the  attempt  of  a  Civil  Engine<T  to  supply  it, 
demands  a  word  of  explanation. 

In  Europe,  the  improvement  and  fabrication  of  ordnance, 
and  in  America,  the  additional  occnpati<m  of  war,  have  so 
enigroawd  the  att4*ntion  of  the  profession,  that  the  compila- 
tion and  pnblication  of  the  results  and  the  practice,  have 
b^pn  almost  necessarily  n^^glected. 

Ihiring  sev<*ml  visits  to  EuroiH\  with  reference  to  his  own 
proTeflrion^  the  author  had  various  and  perliaps  extraordi- 
nary brUiti«*s  for  ar<iuirinK  information  on  the  subj«H*t.  His 
trM  intention,  s«H*ing  that  many  of  the  facts  had  not  lM*en 
|*obUahed,  was  to  throw  them  together  in  the  form  of  one  or 
mrire  pamphlets,  with  encMigh  comment  to  make  them  homo- 
fr»-o»^ms.  But  scvrot*  account  of  the  American  practice 
a|ip»«red  indisfiensable ;  th<*n  an  alistnM*t  of  the  o)>inions  of 
•-xpHrts,  prof«*Hstonal  and  otherwis«s  was  obviously  apprr»- 
priattf*  and  useful ;  an<L  as  rmly  the  int«*rvals  in  pn»fessional 
parraita  were  derc»t4>d  to  the  compilation  of  the  matter,  time 
constantly  developing  new  fa(*ts  and  ptuis4»s«  which 
of  coarse  be  considen^d ;  so  tliat  what  was  originally 


X  Preface. 

intended  as  a  mere  record  of  results  has,  unintentionally, 
and  i)erhaps  unavoidably,  grown  into  the  present  treatise. 

If  the  voluminous  and,  certainly,  the  important  facts,  have 
been  so  presented  as  to  aid  the  profession  in  improving  the 
great  art  of  Defence,  the  highest  ex]>ectation  of  the  author 
will  have  been  realized. 

As  to  the  discussions  and  conclusions,  he  should  say,  in 
Justice  to  himself,  that,  although  they  have  not  been  aided 
by  professional  training  and  experience,  they  certainly  have 
not  been  influenced  by  partisanship,  nor  by  professional 
traditions  and  prejudices. 
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PART  FIRST. 

OEDNANOE 


CHAPTER  I. 

STAin>ARD  GUNS  AND  THEIR  FABRICATION  DESCRIBED 


Section  I.     Hooped  Ounb. 

1.  I.  The  ArmttroHi^  Ooa.  This  celebrated  Artillery  has 
been  fabricated  only  for  the  British  Government,*  at  the  Royal 
Gun  Factory,  Woolwich,  nnder  the  superintendence  of  Mr.  John 
Anderson,  and  at  the  Elswick  Works,  Newcastle-upon-Tyne, 
under  the  superintendence  of  Sir  William  G.  Armstrong.f 

9.  After  the  production  of  nearly  3000  guns,  the  manufacture 
of  what  may  be  strictly  called  the  Armstrong  Gun  is  at  present 
entirely  discontinued,  partly  because  the  Army  is  well  supplied 
with  them,  and  partly  because  the  larger  sizes  have  not,  consider- 
ing their  cost,  successfully  endured  the  vibration  and  pressure 
due  to  heavy  charges.:}:    Their  comparative  liability  to  injury, 

*  Bj  special  act  of  Parliament,  Sir  William  Armstrong'fl  patents  h»Te  never  been 
made  public  These  patents  are  now  the  property  of  the  British  GovemmeDt.  The 
history  of  the  invention  is  more  fully  referred  to  in  the  Appendix. 

f  Previous  to  his  resignation,  February  6th,  1863,  Sir  William  Armstrong  was 
Saperintendent  of  the  Royal  Gun  Factory,  and  also  the  Government  "Engineer  for 
Bifled  Ordnance."  Mr.  Anderson  was  then  "Inspector  of  Machinery"  at  Wool- 
wich.— Report  of  Sded  Committee  on  Ordnance^  1862. 

X  It  should  not  be  argued  from  this  fact,  that  the  Armstrong  guns  on  hand  do  not' 
oonstatute  a  formidable  armament  When  the  manufacture  was  started,  the  Britisli 
Qovemment  was  without  a  rifled  cannon,  and  had  nothing  more  powerful  as  a  naval, 
gim,  or  as  a  gun  of  position,  than  the  68-pounder,  while  Ck>ntinental  Powers-  were 
wefl  supplied  with  rifled  artillery.  To  remedy  this  alarming  de&ct,  tha  Government 
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2  Ordnance. 

from  dampness  and  rough  usage,  is  a  further  objection  nrgetl 
against  the  breech-loaders  especially,  as  Naval  guns.* 

3.  While  some  of  the  distinctive  features  of  the  Armstrong 
gun  are  retained  in  the  heavy  ordnance  at  present  construct- 
ing (41),  the  principal  improvements,  indicated  both  by  practice 
and  experiment,  are  the  use  of  a  larger  amount  of  steel  and  of 
a  smaller  number  of  parts. 

4.  Ample  appropriations,  and  over  eight  years'  experience  in 
the  selection  of  iron  and  the  improvement  of  processes  and  tools, 
have  contributed  to  bring  the  vumnfacture  of  the  Armstrong 
gun  to  a  degree  of  jwrfection  hardly  surpassed  in  any  other 
branch  of  machine  building.  Any  immediately  remediable  de- 
fects in  Uie  gun  would  therefore  appear  to  be  due  to  the  mate- 
rials or  to  the  design,  and  not  to  the  worknmnship. 

The  defects  and  improvements  referred  to  will  be  considered 
more  at  length,  and  in  order,  in  following  sections  (432^. 

5.  The  Armstrong  gim  is  a  series  of  concentric  wrought- 
ironf  tubes  made  from  sjtiral  coils.  All  the  service  Armstrong 
guns  are  rifled  with  fine  grooves,  to  carry  lead-coated  projectiles. 
Some  9'22  in.  and  10*5  in.  experimental  guns  are  smooth  bores. 
The  service  guns  up  to  7  in.  bore  are  breech-loaders ;  the  muzzle- 
loaders,  generally  of  larger  bore,  are  as  yet  experimental  guns, 
excepting,  |>erhaps,  the  10*5  in.  gun. 

6.  The  specification  to  the  makers  of  the  iron  prescribes  ^^  a 
tenacity  (ultimate)  of  about  2G  tons  (5S240  lbs.)  per  square  inch« 
not  over  27  tons  (60480  lbs.),  nor  under  25  tons  (500O0  lbs.); 
elongation  not  to  become  permanent  under  13  tons  (21)120  lbs.) 

felt  obliged  to  resort  to  great  and  perhaps  unnecessary  baste  and  expense.  In  the 
present  time  of  better  preparation  and  greater  security,  the  Goreniinent  is  experi- 
menting, at  no  inconsiderablo  cost,  with  reference  to  future  improvements. 

^  The  recent  bombardment  of  Kagosima  is  said  to  have  demonstrated  the  weak- 
ness of  the  Armstrong  gun  in  this  particular. 

\  Tlio  original  Armstrong  gun — a  3-pounder,  delivered  in  Julj,  lSo3— was  a 
breech-loader,  having  an  inner  barrel  of  steel  throughout  its  length.  This  was 
hooped  with  one  thickness  of  colls  from  the  muzzle  to  the  trunnion-ring,  and  with 
three  coiLs  over  the  chamber,  giving  it  a  maximum  diameter  there  of  0  in.  The 
bore  was  1 }  in«  These  facu  are  obtained  from  the  Report  of  the  Select  Committee 
on  Ordnanoe,  1SG3. 
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tciMion  {*i*r  ftqaaro  iDch,  nor  compression  to  become  permanent 
QiMler  14  to  15  tons  (313(>0  to  33G00  lbs.)  pressure  on  like  sur 

The  irreater  part  of  the  iron,  especially  that  for  the  inner  tubes, 
!•  »uppli<*«l  by  Messrs.  Taylor  Brothers,  of  Leeds,  at  the  cost  in 
ibe  \mr.  ddivcred  at  WtK>lwich,  of  £20  jwr  ton,+  and  is  a  mixture 
of  aUiut  *^5  |KT  cent  of  Yorkhhire,  and  about  15  j)er  cent,  of  cold- 
h\jL'-u  Swv*llAi^  char(*oal  pip.*  Mr.  Anderson  states  that  this  is 
tta^  U*«»t  of  Mven  or  eight  s<»rts  of  iron  tried,  and  that  it  is  quite 
ttn:f«>mi,  and  **does  not  blister  at  all.''!  The  forgings  are  sup- 
piif-il  by  MeMfi.  Taylor,  Mesbrs.  Cainmell  of  Sheffield,  and  the 
L*v-M<M>r  Iron  0>m|iany.t 

7,  Fabejcation. — All  parts  of  the  gun  proper,  except  the 
l.rvtWipi<H*e  and  the  trunnion-ring,  are  formed  from  bars  about 
3  }*}  5  in.,  made  in  3(Vfcet  lengths,  welded  end  to  end  so  as  to 
liT,  ifcay,  l:^>  feet  long,  and  of  the  section  shown  at 
Y'itz-  1.  Tlic  upper  or  narrower  side  of  the  bar 
u  piartnl  next  a  n}%*olving  mandrel  of  the  inner 
diaxiM-ter  of  the  intended  tube,  so  that  when  the 
\mr  U  woand  round  the  mandrel,  the  upsetting  of 
i!«  thinner  vide,  and  the  drawing  of  the  other,  will 
ciianre  tU  section  to  rectangular. 

Tbe  liar  is  drawn  h<it  upon  the  man- 
drrU  ainl  Ci»i]i^i  around  it  into  a  cl<»so 
•f  irml  of  any  rc<|uire<i  diameter  (Fig.  LM. 
Tlje  fptrml  i^i  heated  in  a  reverlieratory 
fatnarp^  plar<*d  n|Min  end  under  a  bniad- 
farvl  »ii-ton  »team-hammer4  And  **  u|h 
i^  "  ifit«»  a  Iwnip  « which,  for  convenience 
rY  LafNlling,  and  to  prevent  exct*i^ive  bulging,  is  limited  in  length 
t.»  thr&e  to  ftmr  fc*i*t  for  tlie  small  rings,  and  four  to  five  fi*et  for 


Fio.  1. 


Q 


Section  of  bar 
lur  coil. 


Fio.  2. 


Bar  ooilcd  to  make  a  hoop 


•   -  rtwutwA  Utrhmtt%'  JonnMl     lUcnrd  of  Um  Omit  Rxlubitioa.  IMl.** 
f    Ev«iiW»  cT  Mr    AwWm«.~/27«rf  >-/  SeUrf  CnmmUlt^  tm  t>nimantt,  lH«a. 
I  M.*   Avitvws  lUiM  thai  Uw  Kkwirk  Ittamrr  wm^^Xm  ira  Uioii,  mod  that  the 
•t  Woolvkb  w«4f ha  ivalr*  tooa.— /it^por«  y  Sd^ti  Commtttm  tm  i>r^ 
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the  large  one8),,tho  sides  of  the  adjacent  coils  thus  being  welded 
together.*  The  hoop  is  also  "patted"  on  its  periphery  by  a 
steam-hammer,  to  smooth  down  any  large  bulges,  and  to  preserve 
its  cylindrical  form. 

8.    It  19  then  recessed  in  a  lathe  about  half  an  inch  on  each 
end  (Fig.  3),  so  that  one  hoop  will  fit  into  the  end  of  another. 

Fio.  3.  Fxo.  4. 


Hoop  recessed  to  lit  others.  Furnace  for  welding  hoopo  into  m  labe. 

Two  hoops  are  thus  set  end  to  end,  squeezed  together  by  a 
heavy  bolt  passing  through  them,  and  placed  in  a  narrow 
reverberatory  furnace  (Fig.  4),  where  the  joint  receives  a  weld- 
ing heat.  The  nut  on  the  bolt  being  then  tightened  by  the 
Fxo.  6.  power  of  say  ten  men,  applied  to  a  wrench  ten  or 
twelve  feet  long,  the  joint  is  upset  (Fig.  5)  longitudi- 
nally (460).  The  hoops  are  then  slipped  over  a 
loose  mandrel,  and  patted  under  a  steam-hammer. 
Section  of  weld.  ^  perfect  the  weld  and  the  shape  of  the  short  tube 
thus  formed.f  Another  hoop  is  then  slipped  over  the  man* 
drel,  and  added  to  the  tube  by  the  same  process,  and  so  on 
until  the  required  length  is  reached.  Except  for  the  110- 
pounder,  only  the  hoops  forming  the  inner  tube  are  welded 
together  in  this  manner ;  and  in  all  the  guns,  the  outer  courses 
of  hoops  are  not  welded  end  to  end.  In  the  Armstrong  gun  of 
1869  (Fig.  8),  the  second  tube  from  the  bore  was  formed  of  two 
slabs,  semi-cylindrical  in  section,  welded  together  lengthways.^ 

*  The  same  process  has  been  Yery  snooessftiUj  applied  in  France  for  the  nuuia* 
factore  of  locorootiTe  tyres.— Jtff-.  Longridge,  "  Oontir^etion  ^  ArtOltrg,'^  Imtt  CVrd 
Bngineen^  1860. 

f  During  this  process,  mudi  iron  is  ozydised,  as  the  scale  is  Jarred  off  as  Ihst  as 
it  forms,  exposing  fresh  sur&oes. 

X  Capt  Blakelj.— JbamaJ  Royal  UniM  Service  iktL,  March,  1861. 
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9.  Inasinach  as  the  fibre  of  the  iron 
TuxiA  spirally  aroiiDd  the  gun,  and  the 
welds  are  perpendicular  to  the  bore,  the 
structure  is  thus  far  very  strong  radi- 
ally, but  extremely  weak  longitudin- 
ally. To  prevent  the  breech  from  being 
blown  off  by  the  explosion  of  the  powder, 
the  breech-pieoe  (in  which  the  breech- 
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Ansstronfr  n-pomider. 
/«  In.  to  1  ft 


AnMttoan  VMd-ipni 

of  1869. 
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screw  turns,  O  D,  Fig.  17)  is  foiled  solid  and  bored  out,  so  that  ita 
fibre  is  parallel  with  the  bore;  it  is  also  made  thicker  than  the 
otlier  tabes.  It  is  welded  to  the  second  tube  from  the  inside, 
in  the  same  manner  that  the  rings  arc  welded  into  a  tube.  The 
breech'piece  was  fonnerly  made  of  a  slab  bent  into  a  cylindrical 
fonn,  and  welded  at  the  edges.* 

The  breech-piece  of  the  new  70-ponnder,  and  of  other  small 
guns,  is  not  welded  to  the  adjacent  tube-end,  but  retains  its 
position  solely  by  the  friction  of  the  tubes  around  it.  Since  the 
breech  of  the  10|  in.  gun  pulled  apart  in  its  thickest  section 
without  fracturing  its  welded  joint  with  the  tube  which  formed 
a  continuation  of  it,  the  longitudinal  strength  of  the  piece,  due 
to  the  grip  of  the  rings  upon  each  other,  would  appear  to  be 
sufficient,  so  long  as  that  grip  is  not  impaired.  (See  300,  304, 
and  Figure  23.)  Indeed,  the  whole  rear  of  the  gun  has  been, 
in  some  cases,  prevented  from  blowing  out — ^in  other  words, 
the  pre&sure  of  the  powder  gas  upon  the  bottom  of  the  chamber 
has  been  transferred  to  the  trunnions — ^by  the  friction  of  the  tubes 
upf>n  each  other. 

1#.  Generally,  however,  the  trunnion-ring  (which  is  welded 
up  and  shrunk  on  in  the  usual  way)  is  slightly  recessed  (Fig.  25) 
to  fit  a  corresponding  projection  on  the  ring  beneath  it,  and  is 
slipi>ed  on  when  sufficiently  expanded  by  heat  The  outer  rear 
ring  is  alro  flanged  over  the  breech-piece  (Fig.  6). 

11,  The  outer  tubes  and  rings  thus  formed  are  turned  and 
Ix^red  without  taper;  the  inner  tube,  for  the  recent  class  of  guns, 
i^  ^li<^htly  largest  at  the  breech  end,  so  that  it  may  not  be  slip{)ed 
forwanl  by  the  enonnous  friction  of  the  Armstrong  pn>jectile. 
The  tul>es  and  rings  are  shrunk  together  in  the  following  man- 
ner:— A  tube,  turned  accurately  without,  is  set  on  end;  a  larger 
tube,  turned  smoothly  within  and  roughly  without,  is  heated  to 
re<]noB  by  standing  on  end  over  a  wood  fire,  of  which  it  forms 
the  chimney.  This  larger  tut>e  is  then  raised  by  a  travelling 
crane,  f>Iaced  above  the  other,  and  then  slipped  home.     Water 

*  CoottructioD  of  Artillery.— //wt  CivQ  Engmmn^  1860. 
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jets  are  then  turned  on  to  shrink  the  outer 
tube.  The  mass  is  then  accurately  turned 
without,  to  receive  other  tubes  and  rings 
in  like  manner.  Short  tubes  and  rin|^  are 
beated  in  a  reverlieratorv  furnace. 


FlQ     11. 


Fio.  12. 
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Tsf^  tid^  mi  mi  ci  mHj  A^rmmtm^  l^|Knndir. 
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19.  Sir  William  Armstrong  has  stated  that  he  did  not  at- 
tach much  importance  to  giving  the  tubes  and  rings  successively 
higher  initial  tension,  but  that  '^they  were  simply  applied  with  a 
sufficient  difference  of  diameter  to  secure  effective  shrinkage,"* 
and  that  a  little  variation  in  accuracy  of  shrinkage  does  not  in- 
volve very  bad  results.!  This  principle  of  construction  will  be 
discussed  in  a  following  chapter. 

IS.  Bbeech*Loadimg. — Two  forms  of  loading  at  the  breech^ 
are  employed — the  screw,  and  the  wedge  or  side  breech-loader. 
The  screw,  which  is  used  in  all  the  service  guns,  is  generally 
illustrated  by  Figs.  9  to  11,  and  17  to  21.  The  rear  of  the  powder- 
chamber  is  closed  by  a  movable  stopper  called  the  vent-piece, 
which  is  held  in  place  by  the  hollow  breech-screw  behind  it. 
When  the  vent-piece  is  lifted  jip,  the  hollow  screw  forms  a  con- 
tinuation of  the  bore,  through  which  the  charge  is  inserted  from 
the  rear. 

Fio  16  ^^  breech-screws  for  the  smaller  guns  are 

solid  forgings  of  steel.     For  the  40-pounderB  and 

110-pounders,  they  are  iron,  with  steel  ends  to 

Thread  of  Breech-    bear  against  the  vent-pieces.    Tlie  threads  are 

**^''*  thus  shaped  (Fig.  15)  to  prevent  their  wedging. 

Tlie  rent-pieces  have  usually  turned  out  to  be  tlie  weakest 
parts,  especially  of  the  larger  guns.  Steel  has  long  been  used 
for  the  smaller  guns ;  but  until  steel  toughened  in  oil  was  tried, 
C  (  and  Co  Swedish  iron  was  the  only  material  that  would  stand 
at  all  in  the  llO-pounders.  Some  vent-pieces  of  sandwiched  iron 
and  steel  were  unsuccessful. 

Fig.  16  shows  the  12-pounder  vent-piece  in  section.  Tiie 
cop|>er  ring  a  is  jammed  by  the  screw  against  the  bevelled  end 
of  the  inner  tube,  to  prevent  the  escape  of  gas.  No  cop{)cr  ring 
is  used  on  the  110-pounder,  70-pounder,  or  40-j)ounder  vent- 
pieces.     On  the  110-pounder,  a  thin  cup  of  tin  is  inserted  behind 

*  Diflcuiifion  OD  ''CoDStnictioD  of  Ariilleiy.** — hvsL  Civil  Engimten,  l.^So. 
f  Evidence  before  Select  Goimnittoe  on  Ordnance,  1863. 

%  Both  these  forms  end  their  results  will  be  ftiUj  described  In  the  chapter  on 
"Breech-loMling." 
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The  rifling  is  at  present  done  by  a  cutter  that  planes  two 
grooves  at  once.  A  tool  for  cutting  76  grooves  at  once  was 
shown  in  the  Great  Exhibition,  but  has  not  been  put  into  service. 

Table  I. — ^Pabtecuulss  of  Sebvice  Abmstboko  6itk& 


Namk  or  Qvx 


Weight 

I>laro«ter 
oTbofV. 

Lenirth  of 
h»rt. 

Ko.or 

fTooret. 

Ibt. 

In. 

In. 

9184 

7* 

110 

76 

3640 

4  75 

110 

5« 

3986 

4*75 

ISO 

5« 

179a 

3*75 

96 

44 

95* 

3' 

84.1*5 

3« 

689  15 

3* 

6a 

3« 

336 

»-5 

6015 

3»       ' 

TwlftoT 
rlfllac. 


I  lo-pounder.. 

40-pottnder,  old.....^ 

40-poonder,  new 

ao-pounder 

la-poonder 

9-poafider.. 

6-poQiider«. 


1  tnra  la 
enltbreiL 

I  in  37 

I  in  36! 

I  in  36i 

I  in  3S 

I  in  38 

I  in  38 

I  in  30 


Table  IL — Sebvice  AmcumnoN  of  Sebvice  Abmstboko  Guhs. 


Kaxs  or  Ow. 


Charige 
fbrahot. 


1 1  o-poondcr.. 

Do.  light. 

40-poonder 

ao-poonder 

la-pounder 

9>poiinder 

6-poander 


lU. 
I4» 

10 
5 

»^ 
11 


Charge 
foraheiL 


Weight 

ofshvU 

toUL 


Ibaw 
la 

la 
5 

li 

li 

1 


]b«. 
106 

106 

41 

aiV 


Mm, 
8 


Weight      8n»^"« 


101 
loi 

lb«.    OL 

39  io 

19  ii*a3 
10     8*98 

8  15-68 

5  7 -41 


Mgmeattl 
•helL 


3 


No.  or 


3 
ox. 

13 


III 
I         III 

I  7a 

I'a}  56  or  14 
•98  '  4a  or  6 
•63  35  or  6 
*4i   '  la  or  18 


10.  Proof,  t — The  proof  of  the  Armstrong  gun  was,  till 
within  about  a  year,  as  follows :  Two  rounds  with  double  service 
charge  and  one  service  shot,  and  five  rounds  with  one  shot  and 

*  This  charge  has  generally  been  reduced  to  18  Iba. 
f  ETidenoe,  Select  Committee  on  Ordnance,  18G3. 
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m  ehaifse  of  one-oxth  the  weight  of  the  Bervicc  shot.  The  present 
proof  is  two  loniidB  with  senrioe  charge  and  shot,  and  three 
nmnda  with  tervioe  shot  and  a  charge  of  one-sixth  the  weight 
of  the  tenrice  shot 


IIL — Armbtbono  Gmrs  Issited  fob  Sebtics,  Showiko 
WHERE  Made. 

fVmn  A^  Heparl  ef  ikt  Sekd  OmmiiiM  on  Ordnonee,  1863. 


%^mm  or  Ors. 


Ua4  tcrrkc^ 


UmA  trrrke^.. 


OrdauM*  Co 


■79 
535 

9 

I 

79 


No.  iMOfd 
WwtXmj, 


OraM  MjI. 


lo3 


Total 


6ao 

799 

io6 

641 

i6 

»$ 

*3« 

*3» 

3»3 

39* 

«7« 

I7l 

66 

66 

37 
1567 

37 

»37o 

|7«  Gr54  Dkmiubso.* — The  tables  1  and  2  are  compiled  from 
the  Uleit  British  Artillery  records. 

y  04.  Uf^t%  U  Jmiy,  1861,  Ufort  the  Srit<i  CmnmitUt  am 


*  /^«ri^«.     Paa  jrm  iofunn  Um  Coouiiltlfe  what  wroa(fht-iroD  umI  ttoel  fcuns 
mm  hmm  jatrwlinil  i»lo  tb*  wrricv  nnce  tl.e  bsfpimiDf  of  1858? — An  AmwtrcNif 

'  ff*«a.  aaochar  AmwKruoK  1  lO-piiaodrr  mm  Mvcnewluit  hMTier,  callcid  the 
r^*^  pattrni;  ta  Armatnuiir  40.pf>un<W  gttti.     Aihrtbor  stiortvr  4O.poQiid0r 
;  fua .  tvo  TftriHir«  of  20-pooiider  Afinttninir  gtiiu. 

*  f'c  /^iMT.     Arv  U.ot0  aU  nlV^dT—^Vt.     Ao  Ami*tr«inf  12>pouDdcr  weigfaing 
w<riirt.inf  8r»t. ;    •Bfitht*?  wcigtuiifr  Cr^t.;   of  tl.o  latter,  obl/  m 

|p  tutr  trr^wm  Id  Oiin*.  An  AnnstrriQjr  9-pfmD(W«  WfitrhlnK  r»c«-t.; 
C|a«aa4pr,  3^  rwt ;  th<Me  aro  aU  i\te  wrou/hi-inm  rifl4«d  iruns  which 
■«  h»««  ifttradoofid  into  the  frrtrr,  and  th^j  arv  all  bn««K-h-)nadrnL  Thero  art 
h»r  »iyifm»a<al  funa  which  arr  d(4  jri  inUtidufvvl  I  find  that  In  that  aanBier^ 
•  I  hav»  oBkited  ooa  T  in.  bowitarr 

'  jCr  JiAa  #lrv      WQI  ym  now  mmtiao  tl»«»  axpenmrotal  ^nB  which  haw  not 

^  mt^iA«a4  iaie  tha  ■rrvirr^^.A  wmuirht4niQ  munlc^knfhn^  ArmatrtNig  gna 

Uilhi  .    a  iUa  tcatdi  loaifinf  licpoandar;    an  SO-poondar,  or  6  la.  gun;    an 
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The  rifling  is  at  present  done  by  a  cntter  that  planes  two 
grooves  at  once.  A  tool  for  cutting  76  grooves  at  once  was 
shown  in  the  Great  Exhibition,  but  has  not  been  put  into  service. 

Table  I. — ^Pabtecuulss  of  Ssbvice  Armstboko  6uk& 


Nams  or  Gux 

Weight 

Diameter 
oTbofV. 

Lenifth  of 
bore. 

No.  of 

Twittqf 

IbiL 

9184 
3640 
3986 
1792 

9S» 
689-25 

336 

In. 

7* 

♦  75 

4*75 

3*75 

3' 

3* 

a*5 

in. 
120 

120 

120 
96 

84.125 
62 
60  15 

76 

5« 
5« 
44 
3« 
3« 

*3 

1  tern  la 
cnltbreiL 

1  in  37 
I  In  36* 
I  in  36i 
1  in  38 
1  in  3S 
1  in  38 

I    in    9Q 

40-poondcry  old^...^...... 

20'poonder..... 

12-Doandcr 

Q^Doandcr*. • 

6-poander^ 

Table  IL — Sebvice  Akqcunition  of  Sebvicb  Abxstbono  Guns. 


Kamb  or  Ow. 

Charge 
fbrahuL 

B^ttiiig 
charge. 

Weight 

Mgmental 

■hdL 

Bareting 

ehMge 

Mgmealal 

•bell. 

lb*. 
3 

3 

13 

No.  or 

•egmcaiiL 

iio-poandcr 

Do.          light. 
40-pounder 

Iba. 
14» 

10 

5 

»l 

5 

Ibaw 
12 

12 

5 

a} 

1} 

li 

} 

lb*. 
106 

X06 

41 

11  V 

IbtL 

8 
8 

Ibt. 
101 

lOI 

Iba.  01. 
39    »o 

19    11-23 

ID      898 

8    15-68 

5      7-4« 

lit 
III 

T2 

20-pounder 

1*23     56  or  14 

I  Impounder 

•^S      42  ur  6 
•6S      3  s  or  6 
-41   !  IX  or  18 

Q.Doitnder 

6«  pounder 

10.  Proof. t — Tlie  proof  of  the  Armstrong  gun  was,  till 
within  about  a  year,  as  follows :  Two  rounds  with  double  service 
charge  and  one  service  shot,  and  five  rounds  with  one  shot  and 

*  This  charge  hns  generallj  been  reduced  to  IS  Iba. 
f  Endencei  Sdect  Committee  on  Ordnimoe,  18G3. 
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m  charge  of  one-oxth  the  weight  of  tho  eenrice  shot.  Tlie  present 
proof  is  two  rounds  with  flenrioe  charge  and  shot,  and  three 
nmiKis  with  service  shot  and  a  charge  of  one-sixth  the  weight 
of  the  senrice  shot 


IIL — AuoTsoNo  GcTiB  IssmcD  FOB  SxBvics,  Showiko 

WHXBK  MaDX. 
/Vmn  A^  import  of  ikt  SAci  OffnmiitM  on  Ordnaitce,  1863. 


No. 
KUwIrk 
OrdJiMic*  Co 


«79 

535 

9 

I 

79 


No.  ImomI 


Gnmd  iBUl.. 


Soj 


Hoc 


Total 


6ao 

799 

io6 

641 

|6 

»5 

»3« 

»3* 

3>3 

39* 

I7« 

i7l 

66 

66 

37 
M*7 

37 
*370 

17.  <tr5«  DcscHiBKO.* — The  tables  1  and  2  are  compiled  from 
the  latest  British  Artillery  records. 

y  04.  J>A^,  U  My,  net,  Ufort  (Ke  /Urd  Committee  am 


m  Ai 


iTlSSfta 


mm,     r*«ii  jrmi  lolfirin  the  rommittee  what  wroa(fhl-ira«i  and  ttMl  guu 

Imrwliiia  tailo  tiM  wrrio*  •loc»  t!.o  b^frinnins  o^  1858T— An  Amw^oof 

ftia.  aDoCiar  AmwKruoK  llO-pnamW  jrua  mnnewkat  bMrier,  called  ths 

pattrni;  ta  Amifrtninfr  40-pouiMlrr  gtiti.     Aivrtbor  tlK>rtvr  40>poQiider 

fvB .  two  Tarirf MHi  of  }0-pooa<Ser  Annttronfr  gun*. 

/^iMT     Arv  Uaio0  all  rifU<d?~Yct.     An  Ann«tr«>ns  12-poitndrr  weiffliing 

wifffanf  9rtit. :   nn<yth«^  W(*ig1)in(r  Or«t;   of  tho  latter,  onljr  • 

Utr  apmr*  In  Otina.     An  Amwtft«K  9*|Kmnd<*r,  wriirhinff  r»rwt.; 

3 1  rwt ;  Wnme  are  aU  tlie  wrotitrhi-iron  rifl4«d  fruns  which 

into  the  •errirr.  and  they  are  all  br«««H'h-UMMl<*n.    There  are 

ipana  which  am  wA  rri  intnidurT«l     I  find  that  In  that  eonmer^ 

IV*  flBk.tt»d  ooe  7  In.  howii«er. 

JiAa  H<f>.     Wm  yoQ  pom  ment*(ia  tfie  eiperimental  p:tina  wliich  have  mil 
laio  the  arrvirp? — A  wrouirht-imo  munlcwloadins  Armstroos  gna 
a  iide  tffMechloifinf  licponnder;    an  HO-poonder,  or  6  la.  gua;    an 
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91.  There  are  two  claeses  of  llO-ponnders :  the  light  gnu, 
weighing  8400  lbs.,  of  which  about  100  only  were  made,  but  not 
issued;  and  the  heavy  service  gun,  described  in  the  foregoing 
table.  The  maximum  diameter  of  the  latter  is  27  in. ;  diameter 
at  the  muzzle,  13  in.  Some  110-pounders,  weighing  9632  lbs., 
have  been  constructed,  but  the  standard  weight  is  9184  lbs. 

Annstrongr  70-poundor,  with  a  new  breech-loading  arrangement;  and  another,  a 
muzzle-loader;  an  Armstrong  40  pounder,  with  new  breech-loading  arrangement; 
the  Armstrong  150-pounder,  smooth-bored  gun,  lately  tried  at  Shoeburjnesfl,  which, 
if  riBed,  i^ill  bo  a  300-poander;  and  three  guns  known  as  the  18-pounder,  24-pounder, 
and  32-pounder,  which  were  produced  in  the  early  stage  of  the  inquiry/' 

The  following  extracts  arc  from  a  "Memorandum  by  the  Director  of  Ordnance** 
(Major-(fencral  TuUoh),  on  trials  of  and  changes  in  the  Armstrong  gun. — Btport  of 
Select  Committee  on  Ordnance,  18G2: 

"The  6-poundcr  gun  was  adopted  at  the  same  period  as  the  12-pounder;  a  few 
guns  of  this  nature  have  been  made  for  the  naral  service,  but  its  use  on  land  being 
limited  to  mountain  scnrioe,  the  manufacture  has  not  proceeded  to  any  great  extent 

"The  12-pounder  was  recommended  for  adoption  into  the  senrioe  by  the  ^wdal 
Committee  on  Kifled  Cannon,  in  their  Report  dated  the  16th  Norember,  1838. 

"The  25-pounder  was  adopted  into  the  service  hi  1859;  a  gun  of  nearly  BtmOar 
calibre,  3-25  inches  (the  25-ix)under  being  375),  had  been  very  extensively  tried  by 
tlie  Rifled  C^non  Committee  in  1853,  for  range,  accuracy,  penetration,  and  endu- 
rance, the  results  being  most  satisfactory.  Since  1859,  the  riflmg  of  this  daaa  of 
gun  haa  been  slightly  modified,  being  now  ouo  turn  in  37  callbrea,  instead  of  ooe  in 
33,  as  originally.  *  •  *  The  gun  itself  haa  undergone  no  alteration,  furtlier  than 
that  above  specified;  these  experiments  have,  however,  led  to  the  adoption  of  a 
lighter  projectile  (viz.,  about  21  lbs.)  than  that  originaUy  used,  and  the  designation  of 
the  gim  has  been  accordingly  changed  to  a  20-pounder. 

"  The  40-pounder  gun  was  recommended  as  a  calibre  for  adoption  in  the  navy  by 
the  Spcciul  Committee  on  Iron  Plates  and  Rifled  Cannon  (Colonel  St  George,  C.  B., 
President)  on  the  24th  September,  1859.  As  in  the  ca.se  of  the  20-pouDder,  the  40- 
pounder  class  sprang  from  a  model  gun  which  had  been  tried  with  success  by  the 
Rifled  Cannon  Committee  in  1858  (viz.,  a  32-pounder  of  4  in.  bore).  In  October, 
1860,  it  was  deemed  desirable  to  strengthen  the  40-pounder  by  the  addition  of  another 
coil  at  the  breech,  mora  as  a  matter  of  precaution  tlian  from  any  symptoms  of  weak- 
ness in  the  gims  as  originally  constructed. 

"The  100-pounder  may  be  said  to  have  originated  m  the  80-pounder  of  63cwt, 
which  was  made  by  Sir  Wm.  Armstrong  early  in  1859,  and  tried  at  Shooburyneea. 
The  original  weiglit  of  the  100-poundcr,  as  recommended  by  the  above  committee, 
was  65  cwts.,  but  an  extra  coil  was  subsequently  added  at  the  breech,  which 
brooght  the  weight  up  to  81  cwts.  Three  hundred  100-poimdera  were  ordered  to 
be  made  in  the  year  18G0-G1,  to  supply  the  very  urgent  demands  of  the  navy. 

"  In  the  course  of  subsequent  experiments  with  100-pounder  gonfli  it  waa  found 
that  a  solid  shot  of  1 10  pounds  weight  oould  bo  fired  from  them  with  14  lbs.  charge, 
without  causing  any  excessive  strain  upon  the  gun,  or  unmanageable  reooil;  the 
provisional  adoption  of  this  projectile  waa  therefore  authorized  in  July,  1861,  and  a 
standard  pattern  having  been  subsequently  ^prored,  the  designation  of  the  gun  haa 
I  changed  to  110-pounder.*' 
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TunM  nt  A.~PABnccLAn  Of  AiucsTKOKO  OCXS  or  THB  Latbit  Elbwick 

Pattxrxb. 

/Vvm  O/kcitd  Drawings. 
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Unftb    IjmgiXi     W.m.  '  .J!!niirl?r.r  I>»«»".*»  w.t^i.    P^P^n* 
«rUa«.   of  lluf«w  of  Bow..*'\'2^'j;;;**'  Muule.    ^•*^«-  dcimnee. 


73*5 

93 
io6*5 


Musle  Loader^   126*5      103*0 


3 
3 

3*75 
47$  ' 
6-4 


11975    ioaa5     S-5 


114        10 
14515    "3*3 


I 


975 
10*9 

1V7$ 

164 

a$-3 

3« 

3«-3 


In*. 

575 


Ibaw     ■ 
918 


ItiL 


5*^ 
6 

775 
ia-4 


I 


996  60 

1881  11} 

3696  39a 

9016  548 

154      14896  504 

19      \  16880.  


51-5     ,    115      51196^     951 


9flL  Two  experimental  120-poandcr  shunt  rifles,  of  7  in. 
U/rr,  k«re  been  constructed;  the  one  a  muzzle-loader,  and  the 
iicl^-r  a  side  breech-loader. 

9S«  A  7|  ton  7  in.  niuzzle-Ioading  gun,  called  the  Cupola 
(ffOD,  or  New  Naval  Gun,  has  been  completed.  The  inner 
iRarn.'!  is  a  solid  steel  tube.  The  reinforce  is  exce^^^ively  heavy, 
brinir  3^  in.  in  diameter.  Tiic  size  suddenly  deerpat^^s  in  front 
nf  tbe  tnmnions.  At  the  muzzle  the  diaTncter  14  13  in.  TIic 
Imgth  of  bore  is  loS  in.  The  rifling  of  this  elatf^i  of  ordnance 
v;Il  dcfwnd  npon  tlio  results  of  experiments  with  trial  7  in.  guns 
Utelr  nmstmcting.  Some  fifty  l(>0-pounders  of  tliis  general 
rwiostmetifin  hare  been  ordered.    (41.) 

SA.  An  exi^crimental  6*4  in.  gu^  has  l>een  c*onhtni<*ted  at 
WtM^victit  to  be  rifled  and  loaded  at  the  breech  on  Mr.  Wi*i«tley 


Isnd  wrvtos  fpn  was  clisiiK«d  to  Ui«  prr«cnt  ft«n  ire 

has  b8ca  rUM  00  On*  phaot  fUsn  with  ft  |rroore« 
hm9%  baso  ooiwtnicted.    Ons  wss  used  in  Um  brvat  h- 
(8T3.) 


16 


Ordnance. 


Fio.  23. 


■    r^ 


V. 


AnnstroDg  10^  in.  gun. 
^f  in.  to  1  ft 


Bichards'  plans.  It  is  about  18  feet 
long,  and  will  weigh  nearly  ten  tons, 
thus  having  an  enormous  margin  of 
metal  in  proportion  to  its  calibre. 

S5.  A  200-pounder  side  breech- 
loader has  also  been  the  subject  of 
trial.  The  particulars  of  this  gun  are 
as  follow : 

Weight.. 1S64S       Ibt. 

Preponderance >>32*4    ** 

Calibre 1*5    in. 

Length ia6-5     ** 

Length  from  hreech  to  trunnions.....  49*5     '* 

Diameter  of  trunnions 10         ** 

Between  trunnions 3$*^     ** 

Maximum  thicknen  of  walls >3*35  ** 

Minimum  thickness  of  walls........  4*75  ** 

Length  of  chamber 19         ** 

Diameter  of  chamber S*5S  "* 

Diameter  of  bullet-chamber t*5t  ** 

Breech  opening.. la         ** 

liifling,  eight  grooves  ;  one  turn  in 
55  diameters,  or  467*5  in. :  solid  cast- 
iron  shot,  with  false  conical  head, 
weight  130  lbs. :  extreme  length, 
15-2  in. :  charge,  28  lbs. :  cartridge, 
18  in.  long:  common  shell,  178  lbs.: 
bursting  charge,  12*8  lbs.,  or  185*8 
lbs.  total :   charge,  24  lbs. 

96.  A  200-pounder  (9*22  in.)  gun 
has  been  constructed  by  placing  a 
steel  tube  in  a  gun  of  the  exterior 
dimensions  of  the  300-pounder  (29). 

9T.  A  9  in.  muzzle-loading  shunt 
gun,  rifled  with  six  grooves,  has  been 
completed,  but  not  tested.  This  is 
the  100-pounder  smooth-bore  gun 
(31),  rifled. 
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•8.    A  9|  in.  20-ton  gnn,  with  a  steel  barrel,  is  completed, 
but  Dol  tfi»ted. 

Fio.  23. 


Iht  ftnl  10^  in.  gun  after  bunting.     (FnxD  a  photograph.) 

9Bm  Tlie  «3(iO. pounder  ninzzle-loading  shunt  gun  is  the  10^  in. 
put  •Fi^.  2'2u  ritivil  with  ten  shunt  {rrc>ovcs,  so  as  to  throw  zinc- 
riblied  elonpitM  ahot.  Bt»jiides  the  first  smooth  bore  gun  (Figs. 
Ti  and  rioi,  whirh  hur^t  after  204  rounds,  fourteen  others  were 
coofttrof-teiL  Two  of  thc^so  only  were  rifleil.  Tlieir  particulars 
are  ail  fi^lhjw :     (32  See  ali*o  Fig.  2r>). 


Wr^kc  ^gwm tilto      Ibt. 

>>i|iMiiiiai< i>4i-4   ** 

Lmf«a  «w«t  cMCftWI 156       in, 

to  » 


I 


10  5 


Length  of  bore.. 135- 

Du meter  of  tnianioiu^ 12- 

Between  trunnions 36- 

Diameter  over  chamber ^K- 

Thkkncu  of  metal  at  maxilc.  45 
**  I    Thi(knc«  of  metal  at  brcevh.. 


«3  7S 


Ten  ^lOTf-*,  one  turn  in  or»  dianietcrs,  or  6.^2*5  in.  The  shot 
fUf  lic*rif«U  with  fal«e  conical  head)  has  ten  bearing  and  ten 
Cr.rmz  ril**,  and  ten  studn  at  the  lmM» ;  is  lH-7in.  long,  and 
wrv!.»  2341  Ihn.  Tlie  common  hhcll  Meiglis  27sr>  Ujs,,  and  hoMs 
a  :fl-T5ili^  burwtmg  charp' —  :5«m>  35  Uw.  ti»tal.  Tlie  stc<»l  solid 
•^•4,  3fti»  Ilia.,  14  13*r»0  in.  lonjj.  The  service  charge  intended 
mm  4S  Hm.  «2iHn.  long),  but  haa  Xnii'tx  nHluce<l  to  .'*.*>  lh^. 
2 
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SO.  The  GOO-pounder*  muzzle-loader  (Fig.  24),  is  a  gun  con- 
Btructed  Bimilarly  to  the  300-pounder,  of  the  following  dimen- 
giouB : 

Length  over  all 15  ft.    3        in.  Weight  of  gun  51196  lb«. 

Length    behind    centre    of  1  Weight    of    breech-piece     (for- 

tninnions 6"  2-5      "|      ging) 19040  " 

Length  of  bore 12"  1*25    "Preponderance 952  " 

Diameter  of  bore I3'3      "    Weight  of  charge 70  •• 

Diameter  over  breech 4"  35      "' Weight  of  fhell 601  •« 

Diam.  over  trunnion-hoop  4**  5*5  **  ^  Burfting     charge     of    common 

Diameter  of  muzzle 1"  9-5       "        ihell 45*047  ** 

Width  over  trunnions 6  *<  2*5       "    Burfting  charge  (ftecl  flsell) 24 


Thicknefs  of  trunnion-hoop  6 

Width  of  trunnion  hoop...  16*5 

Length  of  breech-piece 6  "     8*25 


Burfting  charge  (fegmental  ftiell, 

510  fegments) 15 

Length  of  ihell 30*25 


Diameter  of  breech-piece...      2"     6*3      ".  Length  of  charge 23         •* 

Sectional  area  breech-piece  458  fq.*'    Number  of  groove* 10 

Sectional  area  of  coiUalfo^  .  Depth  of  grooves  (muzzle) c8    io. 

receiving   longitudinal  > 125      **    Twift   of  rifting   (turn   in   cali- 

ftrain  J  I      brcs) i  in  65   «* 

The  bore  extends  throughout  the  length  of  the  gun,  and  is 
closed  at  the  breech  by  a  wrought-iron  plug  fitted  into  the  lK>re, 
1>e]iind  whicJi  there  is  a  MTought-u'on  plug,  faced  with  a  steel  disc, 
and  screwed  into  the  breech-piece.  Tlie  trunnion-ring  is  shrunk 
on  the  fUh  course  of  cylinders.  Tlie  outer  coil  was  made  from 
a  bar  5  x  4  in.  and  125  feet  long,  weighing  71  cwt.  The  gun  was 
turned  after  adding  the  respective  cylinders,  up  to  the  5th  courn? ; 
the  3  other  cylinders,  having  l>een  turned  to  proper  sizes  before- 
hand, were  put  on  >nthout  removing  the  gun  from  the  contract- 
ing pit.     Its  cost  was  $19000. 

The  brass  studs  on  the  shot  are  of  \S5  in.  diameter  flattene*!  to 
•C5  in.  and  are  stamped  into  holes  undercut  in  the  projectile,  and 
placed  in  10  rows,  5  or  6  in  a  row. 

SI.  Tlie  al)ovo-mentioned  guns  are  all  rifles.  Several  muz- 
zle-loading  Armstrong  smooth-bores,  of  9"2^J  in.  bore,  to  carry  a 
100  lb.  sj>herical  shot,  were  made  with  lOG  in.  lengtli  of  bore,  and 
12544  lbs.  weight.t     A  new  lot,  of  10  ft.  length  and  13514  llw. 

*  ThlH  f^un  was  flred  sixteen  rounds  for  nuige  (seo  eliapter  on  *'  Rifling  and  Pntjeo- 
tilos")  on  November  19,  18»)3. 
t  Journal  of  Rojal  U.  SerWoe  Inat,  1862. 
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Fig.  25. 
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10^  in.  gun. 
Arsenal  coDslruction. 


weight,  has  been  constructed.  The  range 
and  test  of  one  of  them  is  given  farther 
on.  It  is  stated  tliat  fifty  more  of  these  guns, 
to  weigh  118  cwt.,  and  to  have  inner  steel 
tubes,  have  been  ordered. 

33.  The  150-pounder,  smooth-bore  (Fig. 
22)  is  the  "800-pounder"  without  rifling. 
Of  the  fifteeft  guns  of  this  size  constructed, 
only  two  were  rifled  (29).  Twt>  of  the  four 
constructed  at  Woolwich  had  intenial  tubes 
with  closed  ends,  and  were  not  rifled.  Tlie 
difference  between  the  Arsenal  and  Elswick 
plans,  for  constructing  these  guns  will  be  un- 
derstood by  comparing  Figs.  25  and  22.  In 
the  former,  the  closed  inner  tube  is  a  complete 
gun  in  itself;  in  the  latter,  the  breech-plug, 
which  is  disconnected  from  the  inner  tube, 
forms  the  bottom  of  the  barrel.  The  steel 
spherical  shot  for  these  guns  weighs  167  llw. ; 
diameter,  10-435  in. ;  charge,  50  lbs. ;  car- 
tridge, 22  in.  long.  Tlie  cast-iron  shot  weiglis 
152  lbs.,  and  is  10-435  in.  diameter.  The 
cast-iron  shell  weighs  114-3  lbs.;  bursting 
charge,  5*25  lbs. ;  thickness  of  wall  of  shell, 
1-7  in. ;  charge,  30  lbs. 

33.  Several  guns,  constructed  upon  the 
Armstrong  plan  in  most  particulars,  but 
modified  chiefly  in  the  rifling,  have  l)een 
fabricated  at  "Woolwich.  One  of  them,  the 
Whit  worth  120-poundcr  (44),  which  threw 
shells  through  the  Warrior  target,  weighs 
16000  lbs.,  and  is  rifled  on  Mr.  WhitworthV 
plan,  the  l)oro  being  7  in.  acToss  the  comers, 
and  6*4  across  the  flats. 

34.  A  9-in.  gun  of  35840  lbs.  weight,  with 
a  solid  wrought-iron   inner  tube,  closeii   at 
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the  etuU  was  rifled  on  Mr.  Lynall  Thomas'^  plan,  with  three 
}>n>j««*tiunft  to  fit  oorre^jwnding  gnjoves  in  the  shot.  Tliis  gun 
h»o  tin.'d  bultn  BA  heavy  as  330  Ihs.  weight,  M*ith  50  lbs.  of 
fM»Wfirr,  at  annor  plates. 

as,  St»jx  TcBts  IIabdenkd  dc  Oil. — The  substitntlon  of  a 
wMt<l-forgMi  btcfl  Imrri'l  for  the  Annatrong  coile<l  tube*  has  often 
l*een  attenipte<i  by  Mr.  Anderson,  althougli  he  did  not  succeed 
vtll  with  fit(t»l,  until  the  process  of  hardening  in  oil  was  adopted. 
Ttif  ap|iaratu!i  for  tliis  process  is  wry  simple.  An  iron  tank, 
tilif  «1  with  oil,  and  made  deep  enough  to  take  in  the  tube  verti- 
rally.  i«  M-t  within  a  tank  of  water,  to  keep  the  oil  ccm)1.  Within 
thr  «>rbit  t>f  the  crane  for  lifting  the  tul>e  is  a  heating  furnace 
with  a  vcmmI  fin*.  The  tem|)erature  of  the  oil  is  raiseil  to  2S0^ 
^•r  a  ll<»-]Miuuder  inner  tu)>e.  The  effei'ts  of  hardening  in  oil 
will  l«e  farther  mn.Hiderwl  under  the  head  of  steel. 

Sflw  One  ll<^|K»under,  and  two  or  throe  gnna  to  be  used  for 
?f«tin;;  %entpit»(i^,  have  l>ecn  conbtmcted  on  this  principle;  and 
(•''*T  7  in.  gani^,  thus  fabricated,  an<l  rifled  reb{)ectively  on  Scott\ 
Ij^tt-T^tvfp^  HrittfnV,  and  the  French  system,  are  nearly  ready 
f -r  trim!.* 

Sy.  C*T. — The  priKt^sM  by  which  the  Annstrong  gun  is  con- 
•trrif'tf'^i  involvi*H  ^f  mucli  lalnir  and  such  an  extensi%'e  plant, 
thmt,  !i..w«vi»r  rl.^^'ly  Huinagc^I,  it  mu*it  Ikj  very  costly. 

1%  aiMit:f»n  to  tiiii*.  the  manufacture  lias  W-en  carried  on  in  a 
^ -t  .rr.mffit  (H«tabli**hnicfit  ^wlii<*h,  as  a  rule,  is  not  an  e<'o- 
'. -'i.i -a1  m  litem  of  prtMluction),  and  in  a  private  ebtablinliment 
r^armiiti"*-*)  again««t  1(»<^  by  the  (to%'eniment.  In  fact,  the  Ivi>iM>rt 
•  /  •!.#•  S'h-it  (*4immittiv  of  1m;.'5  indicates  that  ^I^^hmmhi  might 
•-•'••  ■"•"m  nivihI  on  an  e\|K*niliture  of  alxHit  f:)o()4MHMij  hail  all 
?i^  cffilnanei*  n*«piinHl  for  the  navy  lieen  supplied  from  W(m>I- 
w .'  'i  in*tea<l  of  KUwirk. 

•  TW  mmrr  tub*  «/  tbr  i«rU(»«t  »uooi'««Ail  pin  n^pfnio'lirr  wm  matfle  nf  t^t'-fl 
"  r  Va   KnuLnm^^  "r44i*tnirtf'in  of  ArttUenr/*  In«t.  <*i\il  KllKiltl•<•r^  I*«<;0),  but  tho 

pKf%amkm  karf  w4  w«a  pvrtept  too  bnUl«»  for  Um*  purprive. 

•  It  .•  mmM  th»t  lb*  afiy  mcnaJr-loMliof  inin4  of  ^.tiM^h  bore,  w*  tKht  1 1  h  or  t^ 
r^r^M  ^t  tW  aotaaa  <4  1  "'ia,  tn  to  Hay*  Itumr  ttibci  hftntated  in  oil  Tlicy  will 
t-«  •  !•<  !!•   rmmA  bolL 
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Table  IV. — Retcrst  showing  the  amount  of  monej  expended  on  Plant  at  Woolwich, 
for  the  manufacture  of  Armstboxo  Guns,  and  for  other  purposes,  from  t)ie  com* 
menoement  of  the  manufacture,  m  March,  1859,  to  the  Slst  March,  1862,  from  tlio 
Report  of  the  Select  Committee  on  Ordnance,  1862, 


Datou 

KallUinj^ 

Machinery. 

Total 

Bemarki. 

1859-60 

1860-6: 

1861-62 

"134a   

«97o  

2840  

68553     7  7 
66453     5  8 
19941     I  2 

£           M.dL 
79895     7  7 
68423     5  8 
22781     1   2 

The  whole  of  tbb 
plant  has  been  wed  in 
the    manufactttre    of 
Armstrong  Gmis. 

Totd 

£16152  

$80760 

£154947  14  5 

$774738  60 

£171099  14  5 
$855498  60 

To  analyze  tliese  expenses  in  much  detail  would  hardly  be 
important,  since  the  values  of  labor  and  materials,  and  the  em- 
ployment  of  labor-saving  machinery  in  the  two  countries  cannot  be 
closely  compared,  while  no  probable  amount  of  cost  is  to  be  et)n- 
sidered  objectionable,  if  this  or  a  similar  process  of  construction 
should  finally  produce  the  best  guns. 

The  whole  sum  expended  at  Woolwich  and  Elswick,  in  plant 
and  in  producing  about  3000  Armstrong  guns,  with  the  necessary 
carriages  and  ammunition,  up  to  the  time  of  the  Select  Commit- 
tee's Report,  in  1863,  was  $12697739.41.* 

38.  According  to  Mr.  Anderson,  the  average  cost  of  the  110- 
pouuder,  for  materials  and  labor,  during  1860  and  1861,  was 


^  ''  1.  The  sum  of  £965117  9s.  7d.  haa  been  paid  to  the  Elswick  Ordnance  Com- 
pany for  articles  supplied. 

"  2.  After  giving  credit  for  the  value  of  plant  and  stores  reoeiTed  from  the  com- 
pan  J,  a  sum  of  £65534  48.  has  been  paid  to  the  Klswick  Ordnance  Co.  as  compensa- 
tion for  terminating  the  contract. 

"  3.  The  outstanding  liabilities  of  tlie  War  Office  to  the  Elswick  Ordnance  Co., 
for  artidea  ordered,  amounted  on  the  7th  of  Maj  last  to  the  aiun  of  £37143  2».  lOd. 

"The  whole  of  these  payments  and  liabilities  amounts  to  the  sum  of  £1067 7m 
168.  6d. 

"4.  The  sum  of  £1471753  Is.  3d.  haa  been  expended  in  the  three  manufacturing 
departments  at  Woolwich  on  the  Armstrong  guns,  ammunition,  and  carriages,  making 
altogether  a  grand  total  of  £2539547  178.  Sd.'^^Repori  of  Select  QmrnOki  on  (M- 
nanee,  1863. 
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$1575 1£315)  per  gun ;  but  including  contingent  cxpcnsi's,  it  was 
$:^NiO,  while  for  the  depreciation  of  plant  and  buildings,  $200 
luitre  i^hould  be  added,  making  a.  total  of  $2:2(N)  |>cr  gun.  During 
l«^^i-3,  the  ami  would  Iw  $21U5.75  (£439  3s.),  not  including  rent 
and  prufita.  The  Woolwich  establishment  could  turn  out  thirty 
•nrh  guns  {ler  week.* 

The  cMii^t  of  the  150.pounder  smooth-borf»s  (10^  in.  gun)  and 
of  the  S^^^^-jMiunder  rifles  (the  same  lO^  in.  gun,  rifled)  is  about 
flu n HI  ,*a<.h.    The  2<H)-po«nder  breech-loader  c<»sts  al)out  $0000. 

Ttit*  cii^t  of  the  larger  Armstnmg  guns  is  from  24  cts.  to  34  cts. 
|«r  |M»und.     (See  table  of  cost  of  gims.) 

S9.  Exia-RAJcct:. — Tlie  strength  and  endurance  of  the  Arm- 
»tnfCig  gnn  will  be  considered!  more  in  onlcr,  aiVer  the  dis<*ussion 
of  cannon  metals,  in  a  following  chapter.     (443.) 

In  general  terms,  the  gim  is  %'ery  strong  to  resist  bursting 
strains  acting  in  the  direction  of  the  radii,  but  it  is  not  pro]>or« 
ti»nat<^j  stn»ng  longitudinally, 

Ttie  wrought  in»n  }>ernianently  changes  its  figure,  under  high 
<  ^anr^S  Ix^th  in  the  chamber  of  the  gun  and  in  the  rings.  With 
vrivo^rht  in»n,  certainly,  the  ^* built-up'^  principle  seems  to  have 
Kr<e«i  f-airied  to(»  far;  the  guns  want  homogtMieity  and  mass  to 
rt<«ia  the  destructive  effects  of  relaxation  and  vibration. 

Ilifth  the  en<»rmous  pn^^sure  and  strain  due  to  forcing  the  shot 
thrtiQgh  the  multigrfHive  rifling,  and  the  sluK'k  due  to  the  center* 
iri^  ami  nipping  of  the  shot  in  the  shunt  rifling,  aggravate  thi^sc 

The  kast  trustworthy  part  of  the  gtm  is  the  breiM*h  •loading 
a;«fiaratuA.  Tlie  muzzle-loaders  of  mmlerate  )>ore,  pi*rha|K  up  to 
>^n  in^  arr  likely  to  prove  very  fonnidable,  although  they  cannot 
^<e  rvlicd  an  forh>ng  service,  without  frerjucnt  repair  and  readjust- 
%i  t4  tubes  and  ringM — that  is  to  say,  rebuihiing. 
#••  But  although  the  Armstrong  gun  is  (^ontly  in  conntruction 
asaiDtraanre,  it  is  nut  likely  to  burnt  with«>ut  warning,  or  to 
Jy  injure  tlie  men  or  things  immediately  an>und  it  when  it 
^mm  give  way.  Not  one  of  the  30<H»  guns  built  and  tc*i»ted  has, 
•  EtyoK  oT  MmC  OoanlCtM  00  Ordnuic^  1SC2. 
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Tabli  v.— Cost  of  Labor  aio)  Matbbial,  including  all  Incidental  Expenses,  to  pro> 
dtico  One  100-pounder  Armstrong  Gun,  ready  for  Proof,  with  Two  Vent-Pieces. 
(From  the  Report  of  the  Seiwt  Committee  on  Ordnance,  1862.) 

[But  the  repairs  of  anj  defects  developed  at  proof  would  be  an  extra  charge.] 
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[Signed] 
/ibya/  Gun  Factories^  March,  1863. 


J.  AVDWBMJf, 
Assistant  Svperiniendeni,  It  G.  F. 
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TkMJ^  VI  ^RBTrmx  thowiDg  the  Puf*n  of  the  Aeitstboxo  Ocks  manufactured  by 
u»  KutviTK  OmoXAXCB  (>oifPA!(T,  fmcD  the  commenoeineDt  of  tlie  manufailure  up 
t..  X.V  aial  liardi,  1861    (Prom  th«  Report  of  tlie  SeUct  OfmmiUee  vn  Ordnattce, 

i«*<:> 


I    • 

tioo  (aio) 


I50  <i7o)      I  Complete  with  two  vent- 

{  I     pieces  and  fights. 


40      40      ...     i-so  nso)       «^  (3»*)    '    «4aS  (»*S) 
•  30      4«      ...     1500  <700)       3150  (650) 


Comptete  with  two  vent- 
pieces,  but  without 
lights. 


aft  Mr  William  Aniwtrong  jnits  it,*  *'binvt  expUwiivfly/'  Tin* 
f<*atuiv«  f»bviou^Iy  <lue  to  the  ductility  of  the  metal,  and  the  iinm« 
)mT  -if  the  cuncentric  tubc^,  id  of  great  imi>ortaiice,  esjwcially  in 
tti«>  «-«#*•  of  turret  or  canetnate  gang. 

41.  TiM  !iew  BriCMi  Gaa.  Early  in  1SG3,  the  fabrication 
'4  ArTn»tn»ng  M*r%'ice  gnns  was  entirely  0tit){>endcd  both  at  Wool- 
vifh  and  at  EUwick.  The  small  amount  of  work  done  at  the 
IL'Tal  <fiin  Factiiries  was  n|w>n  repairs  and  experimental  gnns. 
T«»wanU  the  c1om»  of  the  year,  the  results  of  ex()crimental  steel 
tQ^tfw  hardonfti  in  oil  had  t>e<?n  st>  favorable,  that  fit\y  7*ton  muzzle 
%-adf:r»  of  Oin.+  Uirv,  and  fifty  7-ton  9  ewt.  7-in.  gnns,  resein- 
•■lif.jr  Fig.  27  in  exterior  size  and  form,  were  onlere<l.  Tlie  Arm- 
•tn»?r^  *i»il«l  outer  Ihhijh  and  rings  and  the  ft»rgtHl  Ijreeeh-picve 
xr^  !••  !••  n*tain(*<I ;  but  the  coiUnl,  weldinl,  soft  wroiight-iron 
*rjf»«T  bam»l,  with  an  o\h*u  bre**<'h  eiul,  is  n^phiecnl  by  a  solid 
K-*ffi.-^-rnet»u«  forjjing  of  stwl,  forming  a  complete  gun  in  it^elf. 
Tl<  n fling  of  them*  gttiM  hail  not  l>eeii  determin(»<l  n]>on. 

•  TW  mUtf  of  th«»  pHactpU  I  mnaiiW  haa  bc«n  r«tabli«hod  by  the  fm^  that 
•■I  •/  mmtiy  I'l'-O  iruna  mm\»  on  tl.ia  pnoci;J<».  in  ono  jfun  han  biint  ei|J<jiii\(>lr, 
K.1  .a  t^x  BA  *mm  mm  l^aa  (ailvd,  uiid«T  th<*  iDoat  trrinir  tc<itM.  exii^ptinir  hy  a  frnul- 

ol  |r»v««.  whMfch  \.m  jim-o  xUm^y  ooCk-e  of  the  appnuM  >.  nj;  dcfttrunifio  of  th«-  frun. 
md    ««  stfWTWud  aaj  |«ia«>bilitj  cif  a  <Uiur«-rHi4  •o-i-ieni."— /;r*f^iirt»  #/  .<?,r  U'."..i.i» 

•  Tte  anr^al  lM-po«adar  awittjivloMtar  bad  9  23  to.  bore,  and  weighed  S^  iona. 
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The  princtjMil  features  of  the  Armstrong  system  of  ordnaneo 
VfHild  thiis  ap[)ear  to  l>e  going  out  of  ut^;.  The  hiniping  of  a  sUd 
hmmX  With  wrought  iron  was  patented  by  Captain  Blakely, 
bei«»rr  Sir  William  Armstrong's  practic-e  commenced.  (See 
Ap|i«*tidix.) 

AimI  ^ince  wrought  iron,  even  when  placed  over  a  steel  barrel, 
hMi  »iH»wn  some  tendency  to  fail,  on  account  of  its  greater  duc- 
tility and  sodtiess,  while  the  effects  of  vibration  are  much  more 
»rn« Kifk  a|Kin  separate  layers  of  metal  than  upon  solid  masses,  the 
<>{>;ni«>n  ii»  gaining  ground  in  England  that  coiled  wrought-iron 
xu^n-*  will  l»e  entirely  abandone^U  and  that  a  smaller  number  of 
•irl;«l  %x*'t\  tulies  will  be  employed.  The  recent  and  most  satis- 
(art<»nr  «levelopment  of  the  steel  manufacture  in  Sheffield  (see 
rLa{iC«rr  c»n  Cannon  MetaUh  and  the  excellent  endurance  of  the 
•Serl  gun*  lately  ti*»te<l  at  W(N>lwich,  altso  favor  this  conclusion. 

44L  II.  TIM  Wkltwonli  U«s«  Tiie  indentions  of  Mr. 
J*»^r|Ji  Wbitworth,  the  distinguished  mechanical  engineer,  with 
frfcrmce  to  Artillery,  have  consisted  chiefly  in  his  system  of 
nding  and  pn>jectiles«  and  will  1>e  considered  under  that  head.  His 
relebrity  U  now  lK>ginnitig  to  extend  to  the  manufacture  of  guns, 
e^prrially  to  the  fabrication  of  built-up  steel  guns.  Although 
Mr.  WhitW4»rth  has  7  in.  and  9  in.  cannon  of  this  kind  in  hand, 
Ls«  S}  in.  (T(^*p4>under)  gun  is  the  largest  that  has  been  regularly 
I^Mrd  and  adopteii.  Al)ove  thirty  pie(*es  of  this  calibre  ha%'e 
brvo  fal»r;<*ated.* 

491  Tlie  l:^^|Miunder  (Mmietimes  called  130-pounder  and  150. 
pii4:D«ic'ri  pun  <Fijr.  27),  fn>m  which  Wbitworth  projectile^  were 
Sn^l  thriHiirh  the  Warritfr  target,  was  fabricattnl  at  the  Iloyal  (tun 
i'w^*^^  Wiiolwirh,  on  the  Armstrong  plan,  except  that  the 
:nftrT  tulie  was  a  »«»lid  wmught-iron  foi^'ng,  \h\t%s\  out  Tliis 
ran  t«  a  mnzxle-hiader,  of  31  in.  maximum  diameter,  and  weighs 

TL«  l:S«»>]M»and(r  of  Mr.  Whitwortirs  manufacture  (Fig.  20)  is 
a  mttdi  lighter  gun«  weighing  l>ut  t%ix  tons. 

•  ByMmps  «r  Mr.  Whitwprth,  5Wiar(  CommiUM  od  OntaoKw,  19G3. 
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Fio.  2^. 


Whitworth  7-in.  120-pdr. 


44.  Principles. — Mr.  Wliitwortli'* 
principle  of  construction,  and  the  fea- 
tures which  distinguish  it  from  tlic  simi- 
lar system  of  Sir  William  Armstrong, 
are  thus  set  forth  by  Mr.  Anderson,* 
in  his  description  of  the  120-ponnder 
proposed  by  Mr.  Whitworth  (Fig.  28), 
and  the  120-pounder  referred  to  above, 
as  actually  built. at  Woolwich  (Fig.  27), 
and  rifled  on  Mr.  Whitworth's  plan : 

"  The  two  guns — viz.,  that  which  Mr. 
Whitworth  would  have  preferred,  and 
that  which  was  constructed  in  the  Iloyal 
(run  Factory — difler  in  the  following 
particulars:  flrat^  Mr.  Whitworth's  gun 
consists  of  twenty-four  distinct  parts;  the 
Royal  Gun  Factory  gun,  of  twelve  dis- 
tinct parts.  Se<H>nd^  Mr.  Whitworth's 
gun  was  intended  and  designed  for  being 
put  together  by  hydraulic  pressure ;  the 
Koyal  Gun  Factory  gun  was  designed  for 
and  put  together  by  shrinkage.  TliirJy 
In  Mr.  Whitworth's  gun,  the  parts  that 
had  to  bo  united  were  connected  by 
screws;  in  the  Royal  Gun  Factory's,  the 
parts  to  be  joined  were  united  by  the 
process  of  welding.  Fourthy  In  the  one 
gun  the  inner  tube  or  barrel  is  0{>en  at 
the  breech  end  and  closed  by  a  screw ; 
in  the  Woolwich  gun  it  is  solid  and 
close,  and  without  any  joint.  I^/t^y 
The  first  gun  is  without  any  part  tech- 


*  Rridenoe  before  the  Select  Committee  on  Ordnance,  )A63.  Mr.  Whitworth 
hariiifr  pUtAd  that  the  ^un  oa  well  m  the  ritlinfi^  were  c>«i«entially  hi«,  and  the  Ann- 
otrong  party  havinf^  denied  it,  a  ooDfiiderable  portion  of  this  oommittee*8  labora  w«t« 
derotcd  to  aacertaining  the  facta. 
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nically  termed  the  breech-piece;  in  the  other  gun,  the  breech- 
piecte  is  one  of  the  leading  characteristics.  Sixth,  The  breech-plug 
of  Mr.  Whitworth's  gun  consists  of  three  screws  of  different  diam- 
eters, formed  on  one  stem,  and  made  to  take  hold  not  only  of  the 
inner  tube,  but  also  of  the  second  and  third  layers  of  tubes;  the 
breech  screw  of  the  Royal  Gun  Factory  gun  is  of  one  diameter 
throughout,  and  is  screwed  into  the  breech-piece  only,  and  butting 
hard  against  the  solid  end  of  the  inner  barrel.  Seventh,  Tlie  second 
tier  of  tubes  in  Mr.  Whitworth's  gun  consists  of  eight  parts,  all 
screwed  together  into  one  long  tube,  which  extends  from  the 
breech  to  the  muzzle,  and  is  screwed  upon  the  second  diameter 
of  screw  formed  upon  the  breech-plug;  the  second  tier  of  the 
Royal  Gun  Factory  gun  consists  of  one  long  tube  extending  from 
end  to  end  of  the  gun — that  at  the  breech  having  the  iron  of 
double  thickness,  with  the  fibre  placed  longitudinally,  the  I'e- 
mainder  being  of  coil  of  lesser  thickness,  with  the  fibre  running 
circumferentially,  which  is  the  great  leading  feature  of  this  gim. 
Etyhthy  The  third  tier  of  Mr.  Whitworth's  gun  consist4»  of  six  . 
pieces,  all  screwed  together  into  one  piece,  and  extending  to  the 
extremity  of  the  breech,  and  screwed  upon  the  breech -plug;  the 
third  tier  of  the  Royal  Gun  Factory  gun  consists  of  two  pieces, 
and  only  extends  a  little  beyond  the  trunnion,  the  remuining 
space  l)eing  made  up  by  the  greater  thickness  of  the  breech-piece, 
which  is  a  j)art  of  the  second  tier.  Ninth,  Tlie  fourth  tier  of  Mr. 
Whitworth's  gun  consists  of  four  pieces  'not  united ;  the  fourth 
tier  of  the  Royal  Gun  Factory  gun  comprises  three  pieces  not 
united,  but  with  the  last  breech-hoop  nuide  to  hook  on  to  the 
bre<»ch-piece,  thus  giving  to  the  breech-piece  increaseil  security. 
Tenth,  The  fifth  tier  of  Mr.  Whitworth's  gun  consists  of  three 
plain  i)iecc8  and  one  tnmnion  piece  all  screwed  together  into  one 
long  piece;  the  fifth  tier  of  the  Royal  Gun  Factor}-  gun  consists 
of  two  plain  pieces  and  the  trunnion  piece — the  last  of  the  plain 
pieces  being  hooked  on  the  hoop*  under  it,  and  which  again 
is  htK>ked  on  the  breech-piec*e,  thus   tying   all   three   together. 

^  The  truDDioD  hoop. 
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B^rmtK  There  »  no  MXtli  tier  upon  Mr.  Whit  worth's  gun;  tlic 
*.\th  tifr  of  the  Rin^al  Gun  Fwtory  gun  consit^ts  of  one  large 
hiMip  t€»  i4rengthcn  the  gun  over  the  i>owder-ehambcr.  In  addi- 
tion t**  the  alM»vc\  the  two  gtins  differ  in  the  distribution  of  the 
matifiaK  and  alM>  in  the  diM(H>sition  of  the  materials  for  rcAi^ting 
^<i4h  iat4Tid  and  hmgitudinal  strain/** 

4ti«  Faiuu4  %TioN. — The  smaller  Whitworth  guns  are  forged 
ii*i:d,  and  the  prin(>i|»al  piece  or  barrel  for  the  larger  guns  is 
f*iri;«^i  fn>m  a  single  ingot  of  low  steel,  also  called  ^*homo- 
::t-;it^»u«  metal/*  ami  made  by  Me»tirs.  Firth,  of  ShefBeld.f  This 
:  .Hal  i«  made  ehit*fly  from  bars  of  Swediuh  mm,  cut  into  short 
l«-n;»tlis  nieht'vi  in  enieible^  with  a  very  small  addition  of  car-, 
'(•■na«-«*«Hi«  matrrial,  and  east  into  nmnd  ingots. 

M.  Mr.  Whitworth  attaches  the  greatest  importance  to  an- 
n^iniT  the  ^tcel.^  After  the  work  is  roughly  finished,  it  is  an- 
brairvl  fnmi  thriH*  to  four  weeks.  Mr.  Whitworth  states  §  that 
Ik*  \\%^  fi»r  Nime  time  made  mu^ket-barrels  so  ductile  that  they 
'•  /.;:«-  ir.»t(raii  «>f  craeking  when  the  charge  is  tired  with  the  bullet 
;.».!  war  home,  and  that  now  his  Tin.  gtm  barrels  are  e<|ually 
«*•«:.  and  will  Mretch  instead  tif  breaking  under  pressure. 

47.  Th<*  bn'<N-h,  in  cam*  of  the  large  guns,  is  IkmiikmI  with  a 
i^it'wr  auni  higher  stc*t*i  than  that  UHe<l  for  the  barrel.  Tlie  7<^ 
>*utf:*'r  i5i  in.}  gim  has  one  1hn>p;  the  liOjNiuiider  pro|H>M*d  by 
Mr   W.Mt worth  was  to  have  four  tiern  of  h<M>ps. 

I*^.    TIm-*«  hoo|Mi  are  fonni*<i  by  hammering  hoUow  eastings 

^  •*r9  \  c»rc*r  a  mandrel,  or  by  ndliiig  them  in  a  maehine  similar 

:•>  4  ttrr  ndling  maidiine    691.     The  hhort  lengths  thus  pnMlu(*ed 

*  :     «M  fntXhtt  ftiiowB  b»rnn»  t).i«  rf<iimitii<«».   that  th«»  ^\\n  fiiuillr  made  of 

*•     •'   •     f^  m%M  u*  •tr»iriiNl  %tA  iri(l(*ot«<<l  t.r  the  tWfitr  <»r  tJ  i'fv  h.K'!i  « liafK'*-^ 

.  •     '.•»    Z*  l'4i  1  «t    bad    flrr<l,  *•   to   U<    m   a   oitvl  tiori    to   rti|iiiro   cit<>ii'«.\o 

k   V  ^  gwmm^f  mm^l  it  muiI  u»  Uaw  U<«o  nio<li>  br  II r.  iHtvi'l  Mu-hrt  oTcr  t\(ty 

J  ^'  W:J.AM  \nB«imng  »u*e«)  »*'jt>f»  i!  ••  ^\i^ci  (\fmm.it«f  f.n  nr.|!.jn."t».  ]h*.x 
L«:  w  »•••  M»  Si»tb  in  •aoMlmir.  tftjt  it  u.;  .m«  thi>  m^tL  .if\**r  Anueniin^.  thi*  f\»r' 
•»  ,•  f.  -«4  iv  *}^  mif-ro«rfi|M-.  to  **•  «ir;-i«ii«Hl  U't«c«n  the  iTv»t.il*,  {>>**,  tl^\ 
■-•?«•'    •>  •  mmim  UHm^m.) 

f  at  %tmtm  hrhn  Vm  Srltci  Cottmiti««  tm  OrdiMiw.  l***'*  t. 
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are  screwed  together  end  to  end,  instead  of  being  welded  (or 
merely  stuck,  as  the  case  may  be)  like  the  Armstrong  hoops. 

49.  The  principle  discussed  in  a  succeeding  chapter,  of  rein- 
forcing a  tube  with  hooj)s  having  successively  increasing  initial 
tension,  so  that  they  ^vill  all  be  equally  strained  at  the  instant 
of  explosion,  was  not  fully  utilized  in  Mr.  Whitwortirs  earlier 
practice.  He  put  on  his  hoops  with  as  great  initial  tension  as 
the  iron  would  bear  without  injury — up  to  point  of  pennanent 
set — so  that  the  force  of  the  explosion  altered  the  condition  of 
the  gun.  Tlie  first  80-pounder*  cracked  from  this  cause.f  Tlie 
principle  of  initial  tension  is  now  well  carried  out. 

SO,  Instead  of  shrinking  on 
the  hoops,  Mr.  Whitworth  ta- 
pers the  inner  barrel  one  inch 
in  KX)  inches  (Fig.  2'.^!,  and 
forces  them  on  cold  by  hydro- 
static pressure,  with  great  care 
and  accuracy  (295). 
Section  of  breech  of  WTiitworth  The  method  of  closing  tlie 

muzzle-loader.  y^^^^^    ^f    ^^^    muzzle-loader 

(Fig.  28)  is  undoubtedly  superior  to  any  plan  except  solid  forging. 
The  breech-plug  is  screwed  not  only  into  the  inner  tube,  but  into 
the  next  tube  or  ring,  which  cannot  be  pulled  off  without  being 
also  burst,  on  account  of  the  taper.  Or  the  breoch-plug  may 
screw  into  the  ends  of  three  or  four  concentric  rings. 

The  breech-loading  apparatus  (Fig.  30)  is  not  now  largely 
used.  It  is  operated  successfully,  though  not  very  rapidly,  on 
field-pie(?es,  but  was  unsuccessful  on  tlie  larger  guns.  It  (^insists 
of  a  cap  screwed  on  externall}'.  This  cap  works  in  a  hoop  which 
is  hung  by  a  hinge  to  the  side  of  the  breech.  The  vent  is  in  the 
centre  of  the  breech-piece. 

SI.  Of  the  TO-pounders  (muzzle-loading,  Fig.  31),  (me  was 
recently  the  subject  of  exj)eriment  at  the  Washington  Navy  Yard. 
Scvenil  others,  captured  from  the  Confederates,  have  been  in  ser- 

♦  The  brooch  hoopg  of  this  gun  wore  nukde  from  Clay's  puddled  steel 

f  Mr.  liongridgo.— Jcmmoi  0/ Uie  R  U.  S.  Inst,  March,  1861.     See  note  t  V^  M. 
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PM.  80. 


FlO.  31. 


mMvorth  brMch-Vw<W. 


WhitwcjTth  WW  ;0>pcir. 


finp  brfi^re  Charlff^tun  mid  clMwhore,  hut  tlieir  mliiptation  t<> 
wmriMrr  hm  Di»t  bei'ii  ri'inarkable.  Tlie  7<»-|M>tin(l(*r  tliat  ]>ien*ed 
tlie  W^MrriifT  |iUtei»  at  Sh<K.*1iurynei«  wiw  fHliri(*:ittHl  at  WiMilwieh. 
Tb«*  Xft/rr  of  the  Wliitwortli  fruus  ii»  iimittllv  h(*XH^»ii:il  {V\^.  ^2); 
*:«r  pn»jrrtileA  are  planetl  hj  ii|K*cial  iiia4*hine-t<w>lM  to  tit  the 
nfl.fi;;.  The  twint  in  wrj  ahaqi^  in  order  to  give  a  hiistaining 
to  luog  projcctilea.    ^S<*c*  Uiflini;,  and  note  in  A]»peudix.) 


34  Ordnance. 

The  particalare  of  the  etandard  gnns  are  given  in  Table  YLLL 
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Tbo  proof  chai*ge  is  one-quarter  more  than  the  service 
rluu^,  one  round,  and  then  the  service  charge  with  a  6-eaIiber 
l^x^ectile,  one  round.* 

Fio.  32. 
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FbB  iJMil  makm  d  Whitwortli*t  70-pcMmder  nhot  and  rifiin}r. 

Mr.  Whitworth  state»i*  (May,  1808)  that  the  Whitwc»rth 
<  H^lnanee  Co.  haie  in  hand  1(K)  guns  of  ealihres  varying  from  1^ 
!•»  9  incbea.    Tliirty  T^^Miunders  had  been  fabricated. 

ft4«  As  to  the  hi*»tory  of  Mr.  Whitworth's  gun,t  it  was  shown 
^«foff«  the  Select  Committee  on  Ordnance,  1863,  that  his  e\i>eri- 
aacnfa  with  muskets  were  so  satisfactory  as  to  elicit  a  re<|uest 
fi>#in  tbe  (fovcmment,  in  1850,  that  he  would  rifle  some  brass 
r«na  i*a  tliis  system.  Tlieir  trial  led  to  the  rifling  of  several  cast- 
.*  m  inins,  whi<*h,  however,  did  not  show  sufficient  enduranoe. 
Mr.  Whitworth  then  made  stmie  steel  guns.  Tlie  smaller  calibres 
f  T^srr  satisfactory,  but  the  S4>-j)ounder  breech-loader  cracked.  J 


•  Irwli^n  of  Mr.  WhHvfirth.  Select  romniittec  no  OrdoAoce.  1RC3. 

#  7W  jwlxt  Cooouttcr  oo  Ordiuinoe  (1h«2)  haring  r«port«l  that  "tho  committee 
1  ^  Mil  Ml  I  «i  brzafottilly  Uir«d  riSe.  dated  Knfleld,  1  h43  ;  the  m<irr  modern  and  per- 
mx  4»f^  flit  «/  tlie  ■jaiem  U  known  to  (larc  oHfrinated  with  th<>  Uto  Mr.  Dninel,** 
V'  %  •tfvrdrth  ttoted  before  the  r4imnutt€e  d  I***;.!  tliat  be  cUimn  p(»ly^>rial  rifling 
njf  m  KtmamtiMm  vitb  tpiml  ■rgmente  fonning  the  gun.  lie  alM>  ptatcil  that  Mr. 
VtMcirf  E«rkanlt  wm  rv<{iK<«tM,  la  1**51.  by  Mr.  Brunei  to  makr  an  ott^trmaWj 
^mm4  '3m  mXkk  ra  iDrreet«ag  pilch.  This  he  made  in  IhSI.  Mr.  Uirl.anU  nhowed 
'-  X    M«   WK*tvnrth  in  1*^S.     It  hed  tlierp  oomerm,  and  ha<l  a  pitch  fif  1   in  90  to 

m  »^  «r  IS  Mr  Whitvorth't  nTstrm,  petrnt4M  in  l**.'*!.  wna  prtM»<MiiH^<d  <liflri>rvot 
^^M  '*  ^  kff  Ut  BmBel    ead  Mr.  Rirluirda  UmAl  a  luvn«e  fnim  Mr.  Whitworth. 

t  Tie*  W9B  ectnlmtMl  hy  a  onmmittee  appoinU^d  to  etammo  it,  to  an  air  fpaor 
m^wmmm  ikr  tlMC  aad  the  rhergv*  — "  Stnry  nf  the  Cnna  " 

km   %•   Mr    Whitwridh**   rtiy  ide««   abrMit   ci»natnirting   cannon,  hi*    piimt   oT 
••■•■••  lei  1*^  apeiilWa  a  gun  made  of  M•gnM*nll^  licM  togrilM-r  by  h*«»|*ii.  and 
'  of  a  guo  bunting  fhxn  ao  orercharge  of  gunpowclrr  wiQ  be 
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Meanwhile,  the  Armstrong  gun  having  been  adopted,  the  Arm- 
strong rifling  and  projectiles  naturally  came  with  it ;  and  while 
neither  the  giin  nor  the  rifling  of  Mr.  Whitworth  have  been  as 
yet  adopted  by  the  British  Government,  his  rifling  has  been  ex- 
perimented with  at  considerable  cost,*  in  gnus  constructed  on  the 
Armstrong  plan.  Mr.  Whitworth's  late  adaptation  of  low  steel 
to  the  fabrication  of  cannon  is  more  likely  to  become  standard 
than  his  system  of  rifling. 

55.  III.  The  Blakely  Gun.  Captain  T.  A.  Blakely  is  rec- 
ognized in  England  as  one  of  the  first  to  invent  and  the  very  first 
to  demonstrate  mathematically  and  reduce  to  a  working  system, 
the  reinforcing  of  guns  with  hoops  placed  under  initial  tension, 
so  that  each  hoop  compresses  what  is  within  it  (287).  Captain 
Blakely  appears  also  to  have  firet  proposed  guns  formed  of  con- 
centric tubes  having  different  degrees  of  elasticity  (320),  the  inner 
tube  being  the  most  elastic  because  it  has  to  stretch  most.  Both 
these  systems,  when  perfected,  bring  the  entire  metal  of  the  gun 
into  equal  tension  at  the  instant  of  firing,  and  both  may  be  ap- 
plied, in  a  certain  degree,  to  the  same  gun,  with  advantage. 
Upon  the  combined  systems,  the  modern  Blakely  guns  are  con- 
structed. The  principles  involved  will  be  further  considered  in 
another  chapter. 

56.  Most  of  the  earlier  Blakely  guns  were  constmcted  by 
Mess!*s.  Fawcett,  Preston  &  Co.,  of  Liverpool.  Tliesc  and  other 
makers  in  England,  and  the  Blakely  Ordnance  Co.  in  London, 
are  now  fabricating  these  guns  for  State  governments  in  the 
United  States  (64),  and  for  the  Confederate  Government,  as  well 
as   for  Russia  dhd  other  Europcjiu  Powers.     Captain   Blakely 


ohviat^,  becaufio  the  strain  will  Ik*  distributed  throuphoiit  the  lon^rth  of  i!*»  »eir» 
inents,  and  by  forcing  tlie  h<>op8  or  l>olts  to  give  way,  will  cuiifk*  the  joinu  i^f  i)i<*  i^v* 
mcDtA  to  open  longitudinally,  thus  uctin^  ns  {«afi*ty  valvo9,  allowing  the  gu>CH  gcner* 
ated  by  the  explosion  to  escn|)e  through  the  joints  so  opened.** 

*  Mr.  Wliitworth  states  that  he  has  received  £158S5  for  "experimenU  cimnected 
with  rifle  barrels,  and  £4735  for  onlnanco  supplied"  the  (iovemment  but  th.ftt  his 
company  liave  charged  him  £104H2,  which  the  Government  has  not  n^tumed,  f<.«r 
experiments  of  a  similar  nature. — Select  Committee  on  Ordnance,  1863.  (For  remaimkr 
of  Note,  see  Table  IX.) 
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Tftit^  nC-^Rftoni  of  an  rami  pfttd,  or  Rxiicn<*efl  ioctirrcd*  on  account  of  Exp<*rtnieiitf) 
^x-aArv-ted  with  Ur,  Wh»t»n»r1h"9  rropomiU,  stating  for  wliat  particuLir  S4*rvi(t»  each 
PavvvbC  liMM  ht«^  inadi\  and  Ui^Unpiuil.mjc  Orhn'akcb  from  Small  Arm&  From 
Rr;«Cl  d  Sekd  OammUlft  on  Ortiuane*,  18G2. 
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stated  before  tlie  Ordnance  Select  Committee,  in  1863,  that  he 
liad  made  over  400  guns  in  England  for  foreign  governments: 
half  the  number  were  of  steel,  and  half  of  cast-iron  strengtbeneil 
with  steel. 

57.  STBccrrRE. — Xo  wrought  iron  is  used  in  the  fabrication 


s 
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•  »f  tlic^  pins*  «m  aecoont  of  its  liability  to  become  pcnnanently 
»ln*t«-lieil.  The  (^iinplest  form  of  hooping  \a  a  series  of  narrow 
>teel  riiig»  t^Fig.  32  D)  shnmk  over  the  chamber  of  a  cast-iron  gun. 

Fio.  33  B. 


ti»*e!T  T^  in.  nlW,  captured  •!  Shipping  Pnint,  1862.    Scale,  ^^  in.  to  I  ft 

The  e!i;n^ving  showii  the  74  in.  rifle  captiire<l  at  Shipping  Point. 
It  liA**  a  rpinft»n*e  174  in.  long  and  If  in.  thick,  compoiM.Ml  of  three 
•t*fl  rifigA;  length  of  Ihire,  1<K)J  in. 

4^.  A  laigfr  tt^e  of  hti-el  U  nhown  in  Fig.  32  C — a  low-steel 
li4rrrl  h«H»]it«<l*hv  a  tulie  of  higher  t^tei*!,  outride  of  which  is  a  cast- 
in-n  ja<L«-t  ourying  the  tninnionn.  Tliis  gun — a  9 in.  rifle  (the 
rTijx^\  injr.  Fig.  82  i\U  made  from  drawings  of  Fawcrett,  Preston  & 
(_\,,\  N«^.  VJo  and  IW)— has  an  inner  low-t*te<»l  tul>e  of  15  in. 
d:anK-c«-r«  embraced  by  a  higher  Htt^el  tuln*  of  22f  in.  diameter, 

•«er  vhirh  there  U  a  ea^^ir(tn  jacket  of  3S  in.  maximum  diame- 
t«-r  Lrngth  tff  gun,  12  ft.;  length  t>f  bore,  1314  in.;  weight,  llf 
t«>ri«. 

S#.  Tht«  gun  combin<*H  the  two  principles  of  initial  teuKion 
ar.-i  \arkiii|r  elaAticity.+  The  two  inner  tubes^  are  stretched  un- 
f»j  ..  .>  bv  the  pn*^ure  «>f  the  jiowder.  If  Inith  tulK*^  are  of  the 
•A-i  f  m*'tal«  tiieir  n^i<*tance  to  the  eliL-^tic  pre^siin*  is  inverm^ly  as 
xr^  M|-i«nM  of  tluMr  diameters,  m»  that  t4>  do  equal  work,  the  tiuter 

''^  !!.n-t  lie  pn»rioui»Iy  Mretched  (287).  But  if  the  outer  tnl>e  is 
•/  a  tiietal  that  dties  nn  muc-h  work  in  0tn*tchiiig  a  little  as  the 
;•  -jrr  ftilie  d**-*  in  stretching  more — if  tlie  capa<-ity  of  the  metal  to 
•^-^f  h  'f  |vr«»tH>rtioned  to  the  amount  of  elongation  whicli  it  iniHt 

*  T-^  irvC  ffv»  BavW  hj  (apUin  ItUkoU  for  Uie  <^4if<  4ler»i«*«  (7])  wan  h<M>pH 

•  ?-  .•  mnhn4  of  onoitrociioo  has  rtcrnUjr  been  pal*t>l«d  by  ("apuin  niokrljr  in 
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PlO.  32    c. 


actually  imdeigo,  no  initial  tension  is  required  (320).    Now,  Ist, 

it  is  difficult  to  give  metal 
hoops  the  exact  tension  re- 
quired, especially  by  shrink- 
ing them,  and  they  are  likely 
to  become  relaxed  under 
maintained  high  tension ;  2d, 
the  elasticity  of  metals  does 
not  vary  exactly  as  required. 
But  if  the  layers  of  a  gun 
are  arranged  with  the  best 
degree  of  varying  elasticity 
that  can  be  attained,  a  little 
initial  tension  will  put  the 
metal  into  the  condition  of 
greatest  resistance,  and  the 
principal  disadvanta«res  of 
both  systems  will  be  avoided. 
60.  The  inner  tube  of  the 
gun  (Fig.  32  C)  is  made  of  a 
low  steel  having  consider- 
able, but  not  quite  enough 
elasticity.  The  next  tube, 
of  a  high  steel  with  less  elas- 
ticity, is  shrunk  U{x»n  the 
first  with  just  sufficient  ten- 
sion to  compensate  for  the 
insufficient  difference  of  elas- 
ticity between  the  two  tubes. 
And  the  outer  cast-iron 
jacket,  which  is  least  elastic 
of  all,  is  put  on  with  only 
the  shrinkage  attainable  by 
warming  it  over  a  fire.     In- 


Bbkel/s  9-inch  rifla    Low  steel  bore,  hooped 

hj  high  steel  and  cast  iron. 

Scale,  ^s  in.  to  I  ft 


deed,  the  cast-iron  could  not  be  highly  heated  without  perma- 
nently stretching  and  warping. 
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•I.  The  ooiu^trnetion  of  the  heavier  all-stool  gnns  is  illustrated 
br  Fig.  %  D.  The  hoop  and 
tubes  are,  if  pnmble,  all  put 
^ip•tI»er  at  one  heat  The  ub- 
yri  i«  ti»  le-^«n  their  liability 
t-»  firartUTc,  by  giving  them 
brft<T  surface  contat-t.  If  tM>th 
the  «iarfares  are  hot  and  8<>ft, 
they  will  both  yield  t4)  eac*h 
i4hfer%  irregnlaritieii;  but  a  cold 
maM  n<vt  only  will  not  yield 
ttidC  bat  chilLi  the  surface  of 
the  hoop  plare<l  over  it. 

#9L  BMde«  the  guns  enu- 
aermtefl  in  Table  X.  (of  which 
aD  exrefit  tlie  12  in.  gun  have 
brm  produced  entirely  of  nteol), 
a  nanilier  of  the  following 
«4ftwf«  of  guns  have  tieen  fabri- 
fmtr<l:  The  all-«t(*ol  r>'S  in.  rifle 
•Fig.  8.^1  has  (*7  in.  length,  82| 
UL  Imgth  of  bore«  10-875  in. 
diaaefrr  of  inner  tube,  and 
1«  in.  maxiniuni  diameter. 

#S.  The  following  are  the 
{Mti'-alar^of  the  Blakely  8  A  in. 
min  >Fig.  33  A)  in  tlio  Exhibi* 
t^<i  of  1  ^i.  Tlie  liarrel  of  the 
grna  waa  an  Armstrong  cast- 
in^j  liLirk  i<^t  u  having  a  cylin- 
4nral  liceerfa  .V^  in«  K*ng«  and 
of  a  smaller  diameter  than  the 
This  was  hcMyfied  by 
Fawoett^  Presttiin  A 
r«..,  with  a  steel  jacket  hooking 
^wth»  breech  etid  of  the  cast- 
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The  particalars  of  the  standard  gans  are  given  in  Table  VilL 
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Tho  pn>of  ehai^ge  is  one-quarter  more  than  the  Bervicc 
rhmr}r<»,  one  round,  and  then  the  service  charge  with  a  6-caliber 
{irojectile,  one  round.* 

Flo.  32. 

a _    ^/A  .. .- <i  ^ 5^  ''\,^ 


/ 

/ 


FdPdjW^  wcikm  of  Whitwortli*t  70-poander  nbot  aod  ritlinir. 


Mr.  Whitworth  gtatet^*  (May,  18(i8)  that  tlie  Whitworth 
<  hUnanoe  Co.  ha%'e  in  hand  UK)  guns  of  calibres  varying  from  1^ 
t->  9  indiea.    Tlitrty  T^^Miunders  had  been  fabrieated. 

tf4«  As  to  the  hibtory  of  Mr.  Whitworth's  gun,t  it  was  shown 
befure  tbe  Select  Committee  on  Ordnance,  1S63,  that  his  experi- 
mcnfa  with  muskets  were  so  satisfactory  as  to  elicit  a  request 
fri*cn  the  Gtivemment,  in  1^50,  that  he  would  rifle  some  brass 
CuiM  on  tills  system.  Their  trial  led  to  the  rifling  of  several  cast- 
inici  guns,  which,  however,  did  not  show  sufficient  endurance. 
Mr.  Whitworth  then  made  some  steel  guns.  Tlie  smaller  calibres 
I  Tcry  satisfactory,  but  the  S4i.{K>under  bree<.*h-louder  cracked.^ 


•  IthIpmv  of  Mr  Whitirortli,  S«U^  rommitt^o  rm  Ordnsoce.  1SC3. 

f  7W  sMMt  (VNMBrttvc  oo  Ordojiooe  (|H62)  liartiifr  reported  tliat  "th«»  cmnmittM 
fMBMBM  •■  hrxaftim«Ux  bor^d  ntir.  dated  KaOeld,  1**43 ;  the  nKjrt*  tnodrrn  mod  per* 
(pre  4»%9y  f<ni  nl  uf  Um*  •rstrm  U  known  to  li«vc  firiirinated  with  th«*  Litt*  Mr  Brunei,** 
Mr  WWlwrvth  itated  before  the  Committre  of  !*<»;?,  Uiat  he  cUim«  p(>l.rp>tial  rifling 
•%1t  »  <i«MirtMtt  with  •\nnd  t^mtotM  fonninic  ^^  fTun.  lie  aUi  puumJ  t)iat  Mr. 
W^drf  B«rbarrle  wne  ivqiimtrd,  la  I'*^}.  by  Mr.  Brunei  to  makt*  an  otiatr^nalljr 
W««4  -.at  w.th  an  tnrrM*tnic  |>ttoh.  Thia  he  mado  in  l*(ul.  Ur.  Uiri.nnU  iihowed 
a  V*  Mr  Whitworth  in  l>t^S.  It  had  aharp  comem.  and  hail  a  {>tt«-h  cf  1  m  oo  to 
.  «  »  ar  U.  Mr  Wliitwortira  «iriit4*m,  patrnt4«d  in  I'-Si,  waa  pr<NMMifi4^«d  difTonriit 
fr^^  i}^  hj  Mr.  Brunei,  and  Mr.  Rii^lianU  t«»>k  a  lUvn^c  fnicn  Mr   Whitworth. 

Z  Ihh  w«a  aUrikniCrd  br  a  oommittce  appoint4<il  to  eiamine  it.  to  an  mr  fipaci* 
>wrw  tkr  alMC  aad  the  chMrypi*  —  **  SUiry  r/  fAr  f;«M  '* 

Aa  in  Mr  Wbitnorth'*  r«rlj  idm*  abcMit  r«*niitru(<1inir  rannofi.  hi*  pifi-nt  of 
lat  1*^  tpectSea  a  inm  ma<le  of  Mfn»cntN«  lield  tOffrllMT  hy  h*mf^m,  utmi 
tttfl  **Cbs  dMiftr  of  a  fuo  burating  fhxn  an  overdiarge  of  gunpowder  wiQ  be 


44 


Ordnance. 


FiO.  34. 


FlO.  35. 


Fio.  34.— BlAkely  900-pdr.   (12}  in.)  rifle,  tent  to  Charieston.    Soale,  ^  in.  to  I  ft 
Fio.  35. — Blakely  11-in.  rifled  gun  for  Russia,  ^^  in.  to  I  ft 
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*i4»n.  There  is  an  outer  steel  hoop  over  the  i>owdt»r-<*hamber. 
A  bn>n2e  air-chamber,  of  6 J  in.  bore,  is  pWed  in  the  breech,  as 
fthown« 

T««l  kttfth  of  fua i6  ft.    i  in. 

TocaJ  IrBfth  of  bore  to  brontc  chamber ti  ••     7  J  " 

Toeil  IrAfth  of  bore  to  bottom  of  chamber.. 15  •«     4    «< 

M«tim«m  diameter  of  caA^iroa 44    ** 

tXamrtrf  of  caf1>irv>n  moiale 14    •« 

OUmetrr  o«er  Arel  ho(»p.. 51    *• 

DtimetffT  of  bore Iif  •• 

IXa«<trr  of  air  chamber 6^" 

Wofht 37  tont. 

The  giuii  were  intcn<Ie<I  for  i^hell  firing ;  the  charge  is  stated  to 
l«  54>I1jb^,  with  a  7<H)  11«.  shell  The  fin^t  of  thei^e  guns  bun»t 
at  (liarU>^t4>n  with  40 lbs.  of  ]M)W(ler  and  a  7<K)H>:«.  shell;  but 
thL*  lA  attributes!  by  Captain  Blakely  to  filling  the  airnlianilier 
with  |M>wder,  thus  leaving  an  air  space  lietween  the  charge  and 
the  pnijeotilc,  inhtca^I  (»f  iK'hind  the  charge,  as  intended. 

•7*  The  rifling  of  the  9  in.  gun  is  bhcm-n  full  i^ize  by  Fig.  3^. 
A  f^yp{)er  dii«c  at  the  rear  of  the  projectile  is  forced  into  the 

Flo.  30. 


Rilliiig  of  %\neh  DUkeij  gun,  fuQ  mzip. 

gnH*v(>4  by  the  ex}>lo^ion  of  the  [Miwdcr.     (Si*e  chapter  on  Kifling 
aimI  rroj<«<-tiIi*^.» 

•M.  TKKATMErr  or  tiik  Stkki..--T1i«  t^U^l  employeil  is  usually 
tliat  of  Mci^rn.  Xayl«>r,  Vickers  «fe  (\i.,  Sheffield.  Krupp's,  Bt»H- 
iniier\  A'>d  FirthV  Msn'Ih  are  als4>  um*<1.  Tlie  hliort  ringn  arc 
r>»llr>d  without  a  wcM  from  cin-ular  ingots  by  Mf^s^rs.  NhvIoi', 
Virken»  A:  (*o.  Tliis  is  done  in  a  nim-liine  hiniilar  to  the  tirdinary 
railway-tire  n>lling-ina<*hinc.*  The  pnK*c«M4  is  Hinply  illubtratcd 
by  Hg.  37.  A  cinMiIar  ingot  is  sipavzM  In^twccn  a  puir  of  short 
rtjDa  ontil  iti»  Motion  in  re4lu(*(Hl«  and  its  diameter  inrn>aA4'd     The 

*  tfUd  ni]wAy*iir««a  aro  mad*  in  tbr  aAUia  maduoa 
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metal  is  also  condensed,  and  an  endless  grain  is  developed  in  the 
direction  of  the  circumference. 

69.    The  steel  tnbes  or  jackets  are  cast  hollow,  and  hammered 

over  steel  mandrels,  under  a  steam  hammer.     During  this  process 

Pj^,  3.y  they  are  elongated  130  per  cent. 

Much  difficulty  was  at  first  expe- 

: ipr9|  rienced  in  preventing  the  sticking 


y_    _  ■-_  ■      —  ■     of  the  mandrels,  but  the  manufac- 

t;-^*  ~  ~  -  -  ~  ~^  ^  _-  A     ture  has  been  so  far  developed,  that 

Machine  for  rolling  hoope  from  eoUd     ^'^^  ^^^^  ^^^  ^  ^^"^^  »"d  COn- 
cast-stoel  rings.  densed  like  a  solid  ingot,  with  the 

great  advantage  over  piled  or  coiled  iron,  of  no  weld.  The  steel 
jackets  sometimes  extend  over  the  breech  of  the  inner  barrel ;  the 
mandrel  is  withdrawn  when  the  solid  end  of  such  a  jacket  i:^  ham- 
mered. In  some  cases  the  jackets  are  not  hammered,  but  are  simply 
annealed,  bored,  and  turned  as  they  come  from  the  mould.  Messrs. 
Naylor,  Vickers  &  Co.  are  perhaps  more  skilled  than  any  other 
steel  makers,  except  the  Bochum  Company  in  Prussia,  in  the  art 
of  casting  large  masses  of  all  shapes,  such  as  tubes,  bells,  wheels, 
&c.,  sound  and  uniform  throughout.  Tt  is  considered,  however, 
that  the  increase  of  strength  by  hammering  will  always  warrant 
the  expense  of  the  hammering  in  gun  work. 

70«  All  the  steel  parts  are  annealed.  Tliis  process  makes  the 
crystallization  finer,  and  increai^?s  tlie  specific  gravity,  the  result 
of  which  is  less  absolute  tenacity,  but  far  greater  ductility.  (See 
chapter  on  Cannon  Metals.) 

71,  The  results  of  the  Blakely  gun  are  not  very  generally 
known,  for  several  reasons.  First,  the  greater  part  of  those  in 
actual  use  are  in  the  Confederate  service,  so  that  detaiknl  facts 
will  only  be  made  public  after  the  war.  Second,  the  Continental 
governments  that  have  bought  these  guns,  keep  their  artillery 
practice  very  sec^ret.  Third,  although  repeatedly  urged,  the 
British  Government  has  made  no  experiments  with  the  late 
Blakely  ordnance.''^     The  fact  that  Sir  William  Armstrtnig  was 

*  A  11  in.  Blakelj  g;un  han  reoentljr  been  tho  subject  of  ezperimentR  at  Woolwidt 
(at  the  makor't  expenftc),  but  the  roeultA  have  not  been  officieU/  reported. 
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Engineer  for  Rifled  Ordnance,  and  that  Captain  Blakelj's  patent 
coTered  Sir  William  Annstrong'd  first  gun  and  cireamBcribed  hift 
manniactnre,  may  have  had  Bome  influence  in  this  direction.* 

The  firvt  gun  Hent  to  the  Confederates  (73)  ia  stated  to  have 
flred  above  3(HH»  nmndA. 

7%m  Vxrrxix  Blakxlt^s  Early  Expebxmi'INts  wrm  IToopkd 
Grm.— •*  Captain  Blakely's  first  gun  was  an  IS-pounder  (Fig.  38), 

Fio.  38. 


cd 


^J 


Bkkclj  eiperimenul  18-pminder. 

enQcisdng  (»r  one  aeries  of  wrouglit-iron  rings,  shrunk  on  a  cast- 
inm  cyiinder«  5^  in.  insi<lo  diameter,  and  1}  in.  thick.  The 
vf^iiifcfat-inA  rinpi  were  fn>m  2  in.  thick  d(»wnwardi«.  Tlie  total 
thirknets  of  the  breech  was  ^}  in.,  that  of  the  ordinary  lS-]>onnder 
wj  I  JtM  gun  being  &{  in.  This  gun  was  fired  frequently,  and 
•tiHtfl  welL  It  was  then  bored  out  as  a  24-poander,  but  not  being 
truly  bored,  the  caf4-iron  was  re<luccd,  on  one  side,  to  only  ^  in. 
chick.  In  this  state  it  sustained,  without  injury,  several  hoars' 
irinfu  vith  charges  varying  from  one  nhot  and  4  U)S.  of  ]N)wder  to 
tioa  ftbui,  two  wadis  and  8  Djs.  of  ]M>wder.  At  the  third  round, 
visb  thb  bUter  charge,  it  burst.  This  gun  had  a  thickness  of 
cidly  :f|  in.  nmnd  the  charges,  an  ciimpanHl  with  a  servic-e  24- 
puoiidFr,  of  6  in.  in  tliicknesK.'^t 


I  liik^if  rtaicd  b(>foro  (h<*  Aekwi  c*ommUlre  mi  Ordnaace  (mci)  that  h« 
10  krnd  Xhm  iUrvrrwDintU  for  Irvd,  frve  oT  <*iuirg«\  a  12  In.  lO^uw  mm,  lo 
§r9  7SS  Ih  abol  and  70  ll«.  »€  powttrr.  and  a  9  in.  irun ;  but  an  a  oioditK'n  wm  that 
W  ihi«M  auhobt  %hm  fiUa«  to  a  onmiBittee  •mbnM*inf(  Sir  William  .Irmatrviiifr.  h» 
.  tl.at  Im»  i4^rrd  to  land  the  KorrmnMnit  a  2i>(»>pouiidar  (S  in.)  that  would 
I  Ahipt,  hut  tluu  tli«r  r«fuM<«l  to  test  it. 
TW  aaSlbif  M«  at  Wc^ilwi  -h.  in  S«>ptmilM»r,  1**03.  v^rerml  burvtiHl  nuit-inm  Ii<w>ped 
wbhnr  ttia  Annsirv«i|r  rast^ircm  friin  (91),  Imt  d(»imcily  nuirkH  "IlUlirlr*' 
*  tk  ^mmL  Vpom  ^ar*tM*ttiiic  <*apt«in  ItUkoIr  in  lh«*  Dialler,  tlia  (aiH  waa  elwnted 
tiLai  th»  <kw»nia»Bt  nt^rr  had  any  c/  hi«  frunii.  (*«(iCatn  Hiakely  now  attributaa 
uua  «ttc«lar  iwiwaadlng  to  a  odfialia  no  the  part  c/  aone  under-oOciaL  ' 
f  -ruMinMCiraiarArtfilterj.*'— /mC  ^*.  /:.  IMtA 
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Tabiji  X. — Pabhculars   or   All-Stebl   Blakelt    Ordkakcb  and  AjncuvmoR. 
Furnished  bt  the  Blakely  Ordnance  Compant. 


Naub  or  Qvv. 

Weight. 

1 

Naof 
groove». 

Twl.t  of  ^^*jj?' 

.Market 

1N»L 

I  oo- pounder.... 

Iblw 

8000 
9600 

17000 

14000 
30000 
35000 
40000 

in.               In. 
6  'A             06 

8 
8 

11 

11 

"S 
11 
11 

1  tiirn  In 
callbreB. 

48 
4« 

4« 

48 
48 
^6 

1U. 

100 
120 

100 

150 
350 

ceo 

Iblw 

10 
11 

10 

»s 

35 
55 

70 

$5000 

1 lo- pounder 

7 
8 

100 
/i44to\ 

200- pounder 

10000 

2  CO- pounder. 

I    156    j 
9               do 

10                    io 

11150 
17500 
17500 
35000 

1  co-Doundcr 

c  co*ix>under 

II 

11 

do 
do 

3  3  »^t^«"»»«" 

700- pounder 

16        ^00 

' 

FlO.  39. 


Fio.  40. 


Blakelj  ezperimental  9-pounder. 

Captain  Blakely's  next  gun*  was  a  9-poundcr  (Fig.  39)  of  4  in. 
bore,  turned  down  from  the  trunnions  to  the 
breech  to  10^  in.  diameter.  This  he  hooi>ed 
with  a  tube  of  yjy  in.  less  than  10^  in.  l><>re, 
and  tapering  outside  from  the  breec*h  end.  The 
tube  was  made  of  wrought  iron,  and,  for  con- 
venience, in  three  pieces.  Tliis  gim  was  fired 
at  Shoeburynesis,  in  1855-6,  round  for  n^und 
with  a  cast-iron  service  gun  of  the  same  bize 
and  weight,  and  with  a  gun  (Fig.  40)  made 
by  Mr.  Dundas  of  wrought-iron  staves  hooi>ed 


Mr.  Dundas*  wrought 
iron  gun. 


*  **  A  cheap  and  simple  method  of  manufacturing  strong  cannon.**     1858. 
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tilgetber,  and  with  a  braas  service  gun.     Table  XL*  gives  the 
roMilt: 


Taha  XI.— TnAL  or  Blaxblt  HooncD  9-ronrDni,  wrni  Sibticb  Caot^Iiok 
AXD  Beam  9-PorxDEBS. 


1 

'JjJJ^       Na««Sk<i(. 

B\akf\y%.       1        8«rTk«. 

No.  ol  tboC 

1 

LW.          , 

*          i 

2 

a 

4 

Si 

t6 

86 

t6 

1 

1 

a6 

*• 

a6 

5 

S 

5 

le 

s 

lO 

i,i 

3i« 

no 

Burn  ISO 

S 

... 

'       ! 

... 

5 

... 

«      i 

1 
<                        < 

... 

... 

« 

'      i     ' 

... 

t 

1 

.    1       . 

... 

... 

♦ 

•                     f        .             « 

... 

»j*» 

1         -o 

'          .$t 

... 

»I«9 


6-.7 


»)4 


35« 


Thus  it  appean  that  Captain  Blakelv*s  gnn  sUnmI  dol  rounds, 
and  the  p>vemmcnt  nrrvice  giin  only  2'VI  n»un<lA— the  nunilier 
of  shiit  thrown  U*ing  2«180  and  S51  n*x|ie<*tively,  or  nearly  as  7 
ti»  1.  Mr.  I>iindas*s  gnn  bnntt  at  the  third  mund  with  Olbs.  of 
{*»«der  and  two  shot.  The  brar^  gun  became  nnsenricvable  after 
1 74  rooDfk. 

•  -  CMmitrxtn^m  of  Artfllaty  **— /«il  C  K.  IHSS.     Alms  **B«pon  of  Stfterc  Cum- 
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FlO.  41. 


BlAkely's  132-i)Ounder  of  1857. 
Scale,  iS  in.  to  1  (t 


The  class  of  guns  fabricated  by 
Captain  Blakelj  after  these  experi- 
ments is  illustrated  by  Fig.  41.  (See, 
also,  table  X.) 

73.  The  following  are  partica- 
lars  of  the  first  gun  sent  by  Captain 
Blakely  to  the  Confederates,  ob- 
tained from  a  drawing  dated  May 
15,  1860.  The  gun,  made  by  Faw- 
cett,  Preston  &  Co.,  was  of  cast-iron, 
reinforced  by  a  solid  vynmght-iron 
hoop  made  thin  at  the  edges. 


Tocil  length  of  gun 84    in. 

Length  of  bore. 73 '5** 

Diameter  of  bore 3*5  ** 

Diameter  of  caft-iron  under  hoop 9  •  1  '* 

Maximnm  diameter  of  hoop ii-i  '* 

Length  of  do M-i* 

Diameter  of  mnasle.. 6-o  ** 


T4.    IT.    Tbe  Parrott  Gi 

Fabricatiok. — ^This  artillery  is  fabri- 
cated exclusively  by  Captain  R  P. 
Parrott,  at  the  West  Point  Foundiy, 
Cold  Spring,  N.  Y.,  a  private  estab- 
lishment* of  great    celebrity.      A 

^  (kptain  Parrott,  who  had  loog  made  oaat- 
iion  ordnanoe  for  the  Qoranunent,  ataried  the 
manufacture  of  rifled  pina  in  IBGO.  (See  table 
of  cost  of  guns.)  The  British  Qovemment 
has  spent  on  OrdinanGe  and  Plant  since  1659 
oyer  twelve  miUioiui  of  doUara,  and  although 
it  has  acquired  a  gun  capaUo  of  higher 
chargos  for  a  few  hundred  rotiods,  and  what 
is  more  Taluable,  tlie  cxperienoe  which  wiU 
enable  it  to  fabricate  tlie  best  steel  cannon 
without  further  risk,  it  is  still  without  a 
trustworthy  nayal   gun,  or  gun  of  position, 
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Fia  43. 


Fio.  42. 


'C^ 


:^T-* 


cast-iron  gun  of  the  ordinary  shape,  except  a  little  lighter  at  the 
breech,  is  reinforced  over  the  chamber  with  a 
wrought-iron  hoop  made  from  a  coil  substan- 
tiaUy  like  the  Armstrong  coil  in  proportion 
and  manufacture. 

The  100-pdr.  and  the  8-in.  and  10-in.  guns 
are  now  cast  hollow  on  Captain  Rodman's 
plan,  the  advantages  of  which  will  be  further 
considered.    (373.) 

The  bar  of  iron  from  which  the  coil  is  made 
is  rectangular  in  section  when  straight,  but 
becomes  wedge-shaped  (Fig.  42),  when  bent 
into  a  coil,  thus  leaving  a  space  for  cinder  to 
be  squeezed  out  when  the  coil  is 
upset.      This   feature   is  directly 
contrary  to,  and  an  evident  im- 
provement upon,  the  Armstrong 
plan. 

Ttl.  The  hoops  are  shrunk  on  without 
taper,  the  difference  in  diameters  being  ^  in. 
in  1  ft.  They  are  fastened  to  the  cast-iron  only 
by  the  adhesion  due  to  their  tension,  and  have 
never  been  loosened  during  test  or  in  action. 
When  a  hoop  is  to  be  adjusted,  it  is  heated 
and  slipped  over  the  breei'h,  the  gun  being 
slightly  depressed.  A  stream  of  cold  water  is 
then  run  into  the  bore,  not  for  the  purpose 
of  cooling  the  hoop  from  the  interior,  but  to 
prevent  the  expansion  of  the  cast-iron. 

76.  The  length  of  the  reinforce,  which  in 

the  100-pounder  is  but  27  in.,  is  believed  by 

Captain  Parrott  to  be  sufficient  to  take  the 

first  and  severest  pressure  of  the  powder  in 

starting  the  projectile.     A  short  reinforce  is 

not  loosened,  as  a  long  tube  would  be,  by  Ion-     Parrott  6-4  inch  "100- 
_.-,,,.  -         -.  pounder "  rifle,  T^  in. 

gitudmal  shrinking  when  first  put  on.  to  l  ft. 
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77,  Great  care  is  taken  in  the  selection  of  the  material.  The 
CMl-iron  i>art  of  a  l(K>-pounder  tliat  was  fired  1000  coustvutivc 
rcKindft  without  injury  even  to  the  rifle-grooves,  was  composed  of 


Iroa,  No.  i 44^0  Ibi. 

IroQ,  No.  % J360    •• 

Ifon^ 1352    •* 

h  Iran 336    «• 

Itoit. ^ 2040    " 

1 1761    «• 

Bas. 

7-3750 

TMik  inagU. 29897  lU. 


IIkai] 


o««««y 7  »i4« 

Tnttt  iivsfU^ 36975  Ibt. 

The  metal  was  2}  himrs  in  fusion.  The  reinforce  wa^  made  from 
a  bar  70  ft  long  and  4x4  in.  in  ge<*tion.  It  measured,  finished, 
:f7  in.  long  and  3*2  in.  thick,  and  weighed  1725  I)h. 

7H,  All  Parrott  guns  are  rifles.*  The  sole  object  of  the 
rrinfiyfce  is  to  enable  a  cast-inm  gun  to  Btand  a  rifle<l  pnijectile 
with  the  «enrtce  charge  that  wouhl  be  employed  for  a  h]»herical 
•biH ;  f«ar  inatance,  to  enable  a  0*4  in.  gun  to  carry  a  loO  lb.  shot, 
iDAteafl  of  a  32  lb.  sliot,  with  lo  Hm.  of  ]K>wder.  Tlie  gun  in 
rfaeap,  and  has  pro%'ed  verj  Hervic*eable,  although  not  as  formida- 
ble a»  marh  of  the  experimental  artillery  tliat  promix^i  to  liec*ome 
«tAn«lanL  It  is  intended,  not  to  exhau^t  the  ca]mbiliti(*s  of  the 
•r«lem  n(  initial  tenMon,'f  but  to  utilize  that  i^ystem  as  fur  an  ]m«- 
•ible  without  greatly  increasing  the  cost  of  the  ^tandanl  ordnance, 
and  without  i^erious  ri««k  of  damage  by  exiNisure  an<l  maltreat* 
ment  in  the  hands  <»f  green  artillerL^ts. 

*  Tte  tjw^m  of  riSiiiK  Mid  prnfeciOM  is  dncrilifd  la  %)»•  fullowiog  rlu|>t«r  on  Uut 


f  1ft  aUrmpdair  to  eihfttist  iIm  mpobihiiM  of  thai  ix»trm.  Sir  WiUum  Armftrnog 
a»l  <tfb»^  h«Tv  oimrvl  it  an  f^ir.  t  .^i  t)i«  proper  imUal  Ir&tiaa  It  mmiq  unpftirtd  bf 
kd  tlfMcliiiif  of  lb*  awuJ  ()]$> 
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77,  Great  care  is  taken  in  the  selection  of  the  material.  The 
caal-iron  fiart  of  a  l(K>-ix>under  tliat  wad  tired  1000  consei'utivc 
itMindft  without  injury  even  to  the  riile-<;ci*^>v^»  ^'^  eoni{H«ed  of 

Otmmwotti  Iroa,  No.  i 44^0  Ibt. 

IroQ,  No.  1 3360    •« 

Ifon- 1351    •* 

Kk  ln» 336    «• 

HM4t.. ^ 1040    " 

i»76t    •« 

Bas. 

Omfay 7J750 

TMfik  AraigU 09897  Ibt. 

IIrad. 

D-««7 7»l4« 

Tnttt  ftmiftk.. 3^7S  ^^t. 

The  metal  wa«  2}  hours  in  fusion.  The  reinfor(*e  wa^  made  from 
a  bar  70  fl.  long  and  4  x  4  in.  in  section.  It  measttre<I,  finished, 
2f7  in.  long  and  3*2  in.  thick^  and  weighed  1725  1)h. 

7H«  All  Parrott  guns  are  rifles.*  The  mAh  obje<'t  of  tlie 
mnfiin*e  it  to  enable  a  c*ast-iron  gun  to  stand  a  rifle<l  projei^tilo 
with  the  service  charge  that  wouhl  l>e  employed  ft»r  a  npherical 
sbtH ;  fiHT  instance,  to  enable  a  0-4  in.  gim  to  carry  a  loOlb.  shot, 
iuMead  of  a  32  lb.  sliot,  with  10  Il«.  of  ]K)wder.  The  gun  U 
cheap,  and  ban  proved  %'ery  serviceable,  althougli  ntit  as  formida- 
ble a»  much  of  the  experimental  artillery  that  pronuM^  to  l)ecome 
Atan^lanL  It  is  intended,  not  to  exhau^t  the  capuliilitiiM  of  the 
sT«tem  of  initial  tenHon,t  but  to  utilize  that  s\'Ktem  a^  far  an  \h^ 
ftible  without  greatly  imTea^ing  the  cost  of  the  standanl  ordnance, 
and  without  seriou«4  rink  of  damage  by  ex]Misure  and  maltreat- 
ment in  the  handa  of  gn>en  artillerii^tn. 

•  TV*  tjtitm  of  riaiag  aod  |irn|eciilM  ti  dncrit«d  la  tli«  foUowiof  rlukpt«r  on  Uui'. 


f  In  attrmpdair  to  Mlttuat  iIm  m|MbUiiiM  oC  thai  tjitrm.  Sir  Willuun  Anntiruof 
a»l  ncbtn  hMt9  oimnl  it  •»  f«r,  %  usi  t\y  v^^optf  InJUal  Ir&tiaa  It  rnxm  impsirtd  by 
id  tlfMcliiiif  of  lb*  awuJ  (33$). 


loo-poonden ^444 

100        do ^112 

300      do M 4 
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For  land  service,  several  sizes  of  small  guns  are  in  extensive 
use.  (See  table  XII.)  The  larger  gans,  suited  to  naval  war- 
fare, are  shown  by  Figs.  43,  44,  and  45.  The  100-pounder  is 
laigely  employed  in  both  the  Army  and  the  Navy.  The  8  in., 
called  a  ^'  200-pounder,"  a  gun  of  more  recent  date,  already  used 
in  turrets  alongside  the  11  in.,  13  in.,  and  15  in.  smooth-bores, 
is  a  favorite  gun  in  the  Kavy.  Several  10  in.  guns,  called  ^'  300- 
pounders,"  are  in  service.  One  of  them  is  understood  to  have 
done  most  of  the  work  in  breaching  Fort  Sumter. 

Since  the  commencement  of  the  war,  up  to  April  1st,  1864, 
about  two  thousand  Parrott  guns  had  been  fabricated  at  this 
establishment,  viz. : 

io*poanden 336 

20   do 507 

30   do ..572 

60   do. 10 

79.  The  Sin.  rifled  gun  has  thrown  spherical  smooth  shell, 
filled  with  earth  to  weigh  52|  lbs.,  with  papier-mach6  sabots,  at 
the  initial  velocity  of  1809  feet  per  second ;  charge,  16  lbs. — the 
same  charge  that  fires  the  1521b.  elongated  shot  at  1200  feet 
With  a  charge  of  25  lbs.,  the  gun  fires  a  68  lb.  to  70  lb.  cast- 
iron  or  steel  spherical  shot  at  above  1800  feet  per  second,  with 
about  the  same  strain,  and  no  less  safety.  This  gun  may,  there- 
fore, be  pronounced  the  most  formidable  service  gun  extant. 
Neither  the  English  68-pounder  (8  in.),  nor  the  French  Kaval 
gun  (6*5  in.),  nor  the  U.  S.  cast-iron  8  in.,  9  in.,  and  10  in.  guns 
can  endure  such  charges;  the  Armstrong  110-pounder  (Tin.)  can- 
not fire  spherical  shot,  and  the  U.  S.  Xavy  10  in.,,  and  the  new 
English  steel-lined  7  in.  and  9  in.  guns  are  not  yet  service  guns. 
Capability  of  throwing  spherical  shot  is  of  course  chiefly  due  to 
the  form  of  rifling,  and  will  be  further  considered. 

80.  ExDCTBANcic. — A  lOO-pouudcr,  before  mentioned,  and  to 
be  furtlier  referred  to  under  the  head  of  ^^  Kifling,''  stood  1000 
consecutive  rounds,  with  service  charge  of  10  lbs.  of  Dupont's 
No.  7  grain  powder,  and  projectiles  averaging  100  lbs.*    The  gun 

•  This  gun  was  the  lOO-pounder  exhibited  at  the  New  York  (hir  tv  the  Sanitary 
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remained  to*  good  condition,  the  greatest  enlargement  by  the 
star-gauge  being  -023  in.,  near  the  seat  of  the  brass  ring  on  the 
base  of  the  projectile,  and  opposite  the  forward  end  of  the 
reinforca  Another  lOO-pounder  has  endured  1400  rounds  in 
action ;  a!  30-J)oundcr  has  been  tired  4606  times  with  service 
charges,  and  at  the  very  high  elevation  of  forty  degrees;  the 
second  800-pounder  sent  to  Charleston  has  fired  600  service 
rounds.  All  these  guns  are  still  in  service,  and  apparently  in 
perfect  condition. 

Tlie  bursting  of  a  shell  within  the  chase  of  the  first  300- 
pounder,  at  the  siege  of  Charleston,  broke  off  the  muzzle ;  but 
the  gun  was  rq)aired  and  in  action  within  forty-eight  liourK.  In 
fact,  the  principal  source  of  injury  to  the  Parrott  guns  haj*  l)een 
the  premature  explosion  of  loaded  shells  within  the  bore,  thus 
blowing  off  llie  muzzles,  or  destroying  the  cast-iron  in  some  t>ther 
part  foi*ward'of  the  reinforce.  Much  has  recently  l)een  done  to- 
wards remedying  this  diflSculty.  Very  few  of  the  guns  have  burst 
through,  the  reinforce.:^ 

81«..  T,  Htlscellaneout  Hooped  Giin».*  S|MiiiUh  ^Jtanft. 
Cast-ii?on  gnus  hooped  with  steel  are  extensively  fabricateij  and 
highly  approved  by  the  Spanish  Government.  Commander  Scott 
says  on  this  subject  :t  "  Spain  has  also  followed  tlio  example  of 
France  in  hooping  her  heavy  ordnance,  having  previously  ascer- 
tained that  the  unhooped  cast-iron  guns  rai)idly  deteriorated,  and 
ultimately  burst  at  less  than  200  rounds,  but  that  the  hooi>ed 
guns,  when  properly  fitted,  which  was  arrived  at  by  careful  ex- 
I>eriment,  always  stood  more  than  1000  successive  dist^hargesL*' 

89,  The  following  extracts  from  "  a  series  of  reiK>rts  from 
Spanish  oflScers  to  their  Minister  of  "War"  were  read  by  Cai»- 
tain  Blakely  before  the  Select  Committee  on  Ordnance,  lst;3. 
On  the  2d  of  January,  1860,  they  say:  "Cast-iron  l»y  itself,  as 
is  clearly  proved  to  us  by  the  bursting  of  the  guns  we  tiriMl,  U 
not  strong  enough  to  resolve  the  question  of  rifled  cunnon 
of  large  calibre,  unless  the  chaise  of  powder  l>e  much  reducetl, 

•  See  i  127,  also  Appendix.  f  Journal  Royal  U.  Seirioe  Inst,  April,  ISOi. 

X  See  note  in  Appendix. 
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and  even  then  it  must  remain  subject  t<> 
the  distrufit  of  the  gnnnero;  beHideH  the 
difficulty  of  obtaining  Bound  large  niaiittes 
of  forged  iron,  that  metal  has  not  the 
neces8arj  hardneffi  for  the  Imre  of  the  gun. 
Tlie  path  we  must  follow,  then,  is  clearly 
indicated:  cast-iron  guns  hoo{)ed,  a  most 
simple  manufacture,  which,  once  estab- 
liiihcd,  only  requires  great  care  in  bringing 
the  h(K>]>s  to  tlie  exact  diameter.  The 
difference  l>etwecn  the  diameters  of  tlie 
h<N»]M  and  of  the  cast-iron  part  muht  be 
detcnnine<l  by  calculation  aided  by  exper- 
iment.*' 

Another  rejwrt,  Pipned  Gabriel  Pellicer, 
First  Commandant  and  Director,  ia  as  fol- 
lows :  "  The  pnK>f  of  the  rifled  cannon  of 
r»J  in.  bore,  and  weighing  63  CM't.,*  has 
l>een  continuiMl  with  a  charge  of  0  11h.  l)  oz. 
of  powder,  a  wa<l,  and  an  elongated  prr>jee- 
tile.  It  has  now  ccmipleted  lOoO  rounds 
with  Uie  same  charge.  At  the  l^CTth  round 
a  steel  vent-phig  wa**  iuHertcKl  The  state 
c»f  tlie  gtm  I^  |K*rfect,  except  a  few  hcratches 
()liM*r>'e<l  in  the  end  of  the  bore  close  to 
the  vent,  and  canw^l  without  any  doubt 
by  the  premature  destruction  of  tlie  vent- 
plug.- 

W8.  Tlie  Spanish  *V4  in.  gun  (Fig.  46) 
i-»  ^tut('<l  by  Captain  Itlakeh  t  to  have  ht4KMl 
13^»6  rotindrt,  with  an  average  cIiar;;rH  of 
7  Ib«^.  of  jMiwdcr  and  a  *»1  ll>.  pri»jtM*tile, 
Ix'fore   bursting.      The    Ordnance   Sele<*t 


*  Thtf  mm  WM  ctMit-iroQ,  boripcHl  wit!.  uti^L 
t  JouhmI  of  the  C  .SenrW  IiiiU  MAfcb,  1^01 
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Committee  of  Spain  say  in  their  report:  ^^ Although  the  1366 
rounds  fired  with  the  above  charge  of  powder  and  an  elongated 
ahot  of  61  Ibe.  are  BnfSdent  proof  of  the  satis&ctory  leeiBtanoe 
of  the  gun,  the  following  observations  will  render  still  more  ap- 
parent its  excellence,  and  consequently  that  of  the  hooping  sys- 
tem. During  the  first  days  of  proof,  100  rounds  were  fired  with 
intervals  of  only  fix>m  one  to  one  minute  and  a  half.  This  made 
the  gun  so  hot  that  it  could  not  be  touched  with  the  hand.  The 
following  days  50  rounds  were  fired  in  the  morning  and  50  in  the 
evening,  with  the  same  rapidity." 

84L  French  Oom.  The  ^  Canon  de  30,"  which  is  the  stand- 
ard French  rifled  navy  gun,  is  represented  by  Fig.  47.  It  is  of 
cast-iron,  hooped  with  seven  separate  steel  rings  4*4  in.  thick, 
forming  a  reinforce  fi^m  the  rear  of  the  breech  nearly  to  the  trun- 
nions. In  the  later  naval  g^uns,  the  rear  of  the  breech  is  a  little 
longer  than  shown  in  the  engraving ;  the  rear  of  the  reinforce  is 
rounded,  and  the  muzade  swell  is  omitted.  The  following  are  the 
dimensions  :* 


Total  length  of  gun.. « (3*^$ 

Length  of  bore. (^'75 

Length  of  caTcabcl (  'x6o 

Length,  rear  of  cafcabcl  to  rear  of  fteel  reinforce (  •375 

Length  of  fteel  reinforce (  -975 

Length,  front  of  fteel  reinforce  to  centre  of  trunnions (  •105 

Diftance  of  trunnion  below  axu  of  bore. (  -090 

Diftance  between  rimbaflei (  '560 

Length  of  trunnioni (  •170 

Diameter  of  trunnions (  •180 

Diftance  of  Tent  (Tertical),  forward  of  rear  of  chamber (  •065 

Diameter  of  bore (  •1647] 

Diameter  of  caft-iron  under  hoop^ (  •4S8 

Diameter  of  fteel  reinforce (   •( 

Diameter  of  caft-iron  in  Iront  of  fteel  reinforce (  *^%o 

Diameter  of  musalc (  -310 

Weight.. (3737  k 

Preponderance ..........^........ (  230  k,] 


127 •985  in. 

108  •195  ** 

10-239  «« 

14767  - 

3«  395  - 

4135  *" 

3-544- 

22*053  ** 

6695  - 

7-o8f  « 

2.560  *• 

6.489  « 

19-217  •• 

13.628  « 

22*840  ** 

12*208  ** 

8239  Iba. 

506   •• 


SS.    The  rifled  siege  guns  and  guns  of  position  are  of  the 
same  calibre,  but  are  mostlj  of  cast-iron  without  hoops. 


*  OfBdnl  dimwiDga*  dated  1803. 
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86.  Many  of  the  rifled  navy  guns  are  Baid  to  bo  the  old  30- 
pounders  Ifo.  1,  weighing  about  56  cwt* 

An  efficient  breech-loading  apparatus  has  been  applied  to  many 
of  the  French  guns.     It  will  be  described  in  another  chapter. 

87.  The  rifling  consists  of  three  grooves  (Fig.  48)  with  in- 
creasing pitch,  commencing  at  0  and  ending  at  1  turn  in  30 
diameters.  The  cast-iron  conical-headed  shot,  of  two  calibers 
length,  weighs  about  60  lbs.*  Projectiles  of  100  lbs.  weight  are 
employed,  and  flat-headed  steel  bolts  are  fired  at  annor.  The 
projectile  has  three  studs,  faced  with  zinc,  by  which  it  centres 
itself  in  the  grooves  of  the  gun.  The  results  of  this  method  of 
rotating  the  shot  are  very  satisfactory,  and  will  be  considered  in 
a  foUowing  chapter. 

88.  The  usual  charge  is  stated  to  be  from  7  lbs.  to  8  lbs. ;  but 
higher  charges  are  known  to  be  used.  Captain  Blakely  states* 
that  27  lbs.  to  28  lbs.  of  powder  are  used  in  firing  92  lbs.  to  100 
lbs.  shot  at  armor-plates,  and  that  in  the  experiments  of  August 
9th,  1861,  99  lbs.  steel  fiat-fronted  shot  were  fired  vrith  27ilbs. 
of  powder,  at  1089  yards  range,  through  a  4iin.  plate  with 
18  in.  wood  backing  and  1  in.  skin. 

89.  Captain  Blakely  also  states  that  some  of  these  guns  have 
endured  2000  rounds. 

•O.  It  will  be  observed  that  the  gun  is  not  weakened  longitu- 
dinally by  cutting  away  the  cast-iron  under  tlie  hooj)a,  as  in 
the  British  guns  (Table  XIII.)  The  use  of  steel  hoops  instead 
of  iron,  and  the  very  careful  adjustment  of  the  hoops,  must 
account  for  the  very  satisfactory  strength  and  endurance  of  these 
gan8.t 

*  Evidence  before  the  Sdect  CommiUee  on  Ordnance^  1862. 

f  The  French  guns  of  large  calibre  are  lO-inch  bronze  Bmooth-boroR,  but  their 
charges  are  small. 

The  question  is  naturally  asked— Why  is  France  content  with  a  65  inch  naval 
gon,  whatever  its  endurance?  The  probable  reason  is,  that  the  Emperor,  being 
unable  to  prodnce  suitable  steel  in  France,  will  not  import  it,  knowing  that  England 
would  then  adopt  steel,  and,  by  developing  her  own  manufactures,  place  the  produc- 
tion of  an  indefinitely  large  steel  armament  under  her  own  control  So  long  as 
Eng^d  has  nothing  better  than  wrought-iron  coils  and  complex  breoch-loading, 
France  feels  safe  with  a  gun  that  is  simple,  cheap,  and  trustworthy— if  it  is  small-- 
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91/  ArtHrong  Il€M»ped  CasUIi^n  MmTml 
Gan.  Several  68-pouiider  blocks,  shaped  at 
the  breech  as  shown  by  Fig.  49,  were  hoojied 
on  a  plan  proposed  by  Sir  William  Armstrong. 
The  hoops  were  shrunk  on  without  reference 
to  their  tension,  and  the  tliickness  of  the  oa^t- 
iron  under  them  was  suddenly  reduced  by  five 
inches.  The  result  of  their  test  is  detailed  in 
Table  XIU.,  and  was  so  unsatisfactory  that  the 
plan  was  abandoned.  Captain  Blakely  said 
before  the  Select  Committee  on  Ordnance,  in 
1803,  that  the  French  had  made  a  long  series 
of  similar  experiments,  which  had  similarly 
failed. 

FlO.  48. 


Riflo  jfroove  and  stud  of  Canon  de  30.     Full  Fiz»». 

99.  Another  plan  of  hooping  tried  at  WcKil- 
wich  (Fig.  50)  is  mentioned  in  Table  XIII.  The 
ring,  of  WTought-iron,  was  so  thin  and  ductile, 
that  in  one  instance  the  cast-iron  burst  without 
fracturing  it, 

Tlie  Ordnance  Select  Committee*,  in  the  ns 
port  on  the  comjKjtitive  trials*  of  rifled  guns 
in  1861,  say,  with  reference  to  these  Engli^^h 

until  Bomo  better  1781001  U  developed  at  iiome  one  etoe's  expenso,  or  nntfl  Fraooe  can 
produw  BteeL    It  is  understood  that  great  efforts  are  making  to  this  end. 

Since  tlie  above  note  was  written.  England  haa  begun  to  adopt  steel  and  mimle- 
loading,  and  France  has  begun  to  order  SOO-prs.  from  England. 

*  For  recent  orders  to  hoop  old  guns  in  the  U.  S.,  see  Appendix. 


French  hooped  6*5  in. 
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no.  50. 
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Kiwt$XTKif^  boopr*i  cast* 


boopM    at 


Woolwich. 
in.  to  1  ft. 

^TfirriinMitK  on  hociplnjf  cuftt  iron,  m  folluwi*:  Tliey  "have 
^rry  little  ninfi<lence  In  ]irv>]MMalA  to  i»tn»iiptlion  cju«t  inm  by 
ritrnud  fn^-flojKii  of  Meel  or  wrought  iron.  The  procc*?**  of 
/radoal  il<*-tnirtion  c<fmmoncert  with  nnall  fij^tire^  mn»Qnd  the 
vest;  and  wlien  thcM)  have  procoedod  to  a  c*ertain  extent,  the 
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entry  of  gas  at  an  enormous  pres- 
sure tends  to  rend  the  metal  as  if 
hj  a  wedge.  No  external  envelope 
will  prevent  tlie  action.  Its  only 
advantage  here  seems  to  be  to  make 
its  effect  less  destmctive.  The  ex- 
ternal envelope  adds  to  the  strength 
of  a  cast-iron  gun  when  there  are 
no  fissures  and  no  rending  action ; 
but  this  is  not  the  ordinary  cause 
of  guns  bursting.  Guns  condemned 
as  unserviceable  are  almost  inva- 
riably condemned  for  the  state  of 
the  metal  around  the  vent,  and 
explosions  must  he  generally  at- 
tributed to  that  cause." 

9S*  5ir.  LoBfTldve'ii  Expert* 
menu  wltlt  Wlre-woand  Gaas 
and  CyllBden.  Mr.  Longridge, 
whose  deductions  on  the  subject  of 
hooped  guns  will  be  further  referred 
to  (286  &  292),  gave  the  following 
description  of  his  experiments,  in  a 
paper  on  the  "  Construction  of  Ar- 
tillery," before  the  Institution  of 
Civil  Engineers,  in  1860.  Tlie  cyl- 
inders used  were  prepared  according 


to  the  formula  t  =  T 


v,« 


based 


upon  Mr.  Barlow's  investigation. 
The  method  of  conducting  the  ex- 
periments was  an  follows :  ^^  A  num- 
I      j  ber  of  brass  cylinders  (Fig.  61)  were 

1.1         I      I  prepared  exactly  of  the  same  di- 

C      !  J  mensions,  >tz.,  internal   diameter, 

AnMtrongoMt-iroii70-pounderofi860.1i»-;    external  diameter,   l^in,; 
Sotie  i«a  in.  to  1  ft.  thickness  of  brass,  A  in. 
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'^  These  cylinders  were  aocnrately  turned  and  bored,  and  had  a 

flange  ^  in.  in  depth  and  ^  in«  in  thicknees  at  each  end.    Each 

end  was  widened  ont,  so  as  to  afford  seating  to  two  gan-metal 

ballfl,  which  were  accurately  ground  to  fit  them. 

Fio.  61.  Tjj^  ^^  content  of  each  cylinder,  with  the 

H  balls  in  their  places,  was  800  grains  of  best 
sporting  powder,  which  was  alone  used  in  this 
series  of  experiments.  When  the  powder  was  put 
into  the  cylinder,  and  the  balls  were  placed  at 
each  end,  the  whole  was  bound  together  by  a  very 
strong  wrought-iron  strap,  similar  to  the  strap 
of  a  connecting  rod,  with  a  jib  and  cotter.  The  cotter  was  driven 
tightly  home,  and  the  powder  was  then  fired  through  a  small 
touch-hole,  left  in  the  side  of  the  seating.  The  first  experiments 
were  to  ascertain  the  effect  of  the  powder  on  the  cylinders,  with- 
out any  wire.  They  were  commenced  with  charges  of  powder, 
beginning  at  50  grains,  and  increasing  till  the  cylinder  burst. 
After  this,  cylinders  with  different  thicknesses  of  iron  wire  were 
tried  in  a  similar  manner.  The  results  are  given  in  Table  XIV, ; 
•4.  ''  The  strength  of  the  wire  used  in  these  experiments  was 
ascertained,  by  trial,  to  be  as  resisting  a  dead  tension — 

^  wire    .     .     23  lbs.  =  120000  lbs.  per  square  inch, 
^wire    .    .    70  lbs.  =    92000  lbs.  "        '' 

9tK.  "  If  now  the  expansive  force  of  powder  be  taken  to  be 
inversely  as  the  volume,  its  ultimate  strength  may  be  approxi- 
mately arrived  at  from  the  last  experiment.  The  powder  then 
could  not  burst  the  cylinder.  Now  the  strength  of  the  cylinder, 
supposing  all  the  material  to  be  equally  strained,  could  not  exceed 
the  following  per  lineal  inch  of  cylinder — 

Wire 17920lbs. 

Brass 8186  lbs. 

21066  lbs.,  or  9-4  tons. 

And  as  the  internal  diameter  was  exactly  1  in.,  it  shows  that  the 
ultimate  force  of  the  material  in  Experiment  23,  did  not  exceed 
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Table  XIY. — ^EzPKBDixEm  oir  Lohosidqb's  Brass  Ctlinbkbs. 


NoloT 
ExpeH- 


No.  or 

CfUii. 


or 

Powder. 


I 

do. 
do. 
do. 
do. 

% 
do. 

3 

4 

do. 
do. 
do. 

5 

do. 
do. 
6 

do. 
do. 
do. 
do. 
do. 
do.' 


Without 

Ditto 

Ditto 

Ditto.... 

Ditto 

2  coib  of  wire  ^  inch 

Ditto,  one  end  looie 

Without  wire 

Sis  coib  ^  wire.. 

Ditto 

Ditto 

Same  cylinder,  with  one  ^ 
coil  of  ^  wire / 

1  coils  of  ^  wire 

Ditto 

Ditto 

4  coilt  ^  wire 

Ditto ^.. 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 


Gftloe. 
5« 
6o 

70 
80 

90 

90 

100 

70 
100 
no 
110 

100 

100 

110 

130 

lao 
130 
140 
150 
160 
170 
180 

MO 


Slightly  holged. 

Bulged  a  little 

Ditto  eitcnul  diemctfr  i^. 

Ditto  ditto  1^. 

Borft. 

No  cflcct. 

Bulged  at  loo(e  end. 

Bulged  to  iH. 

No  effect. 

Ditto. 

Ditto.   One  end  of  wire  came  loole. 

{Buril,  the  end  of  the  wire  being 
badly  fiiAeaed.  Wire  not  injured. 

No  effect. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 
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9-4  tons  per  square  inch.  Assuming  the  law,  as  above,  the  ulti- 
mate pressure,  suppoSng  the  cylinder  to  have  been  fuU,  could  not 
exceed  9*4  X  |H  or  13  tons  per  square  inch. 

^'  The  enormous  strain  to  which  these  cylinders  were  subjected 
is  eyidenced  by  the  effects  upon  the  gun-metal  balls,  which  were 
more  or  less  cut  away  by  the  gases,  where  they  touched  the 
cylinders. 

•6«  "  These  experiments,  made  on  the  17th  May,  1855,  were  so 
satisfactory,  that  the  author  proceeded  to  one  on  a  larger  scale. 
This  consisted  of  a  brass  cylinder,  of  nearly  the  same  internal 
dimensions  as  a  3  lb.  mountain  gun,  say  3  inches  diameter  and 
about  36  inches  long.  The  drawing  of  this  cylinder  has  unfor- 
tunately been  lost,  but  it  is  approximately  represented  in  Fig.  52, 

FiO.  62. 


Mr.  Longridg<6*B  experimental  wire- wound  3-pounder. 

from  which  it  will  be  seen  that  the  thickness  of  the  brass  was 
J  inch.  At  the  breech  end  it  was  covered  with  six  coils  of  steel 
wire,  square  in  section,  and  of  No.  16  wire  gauge,  or  iVth  of  an 
inch.  These  coils  extended  about  15  inches  along  the  cylinder, 
and  were  gradually  reduced  to  two  coils  only,  towards  the  muzzle. 
Consequently  the  thickness  of  the  cylinder  was  as  foUows : 

At  the  breech,   J  in.  brass  +  f  in.  iron  =  f  in. 
At  the  muzzle,  J  in.      "     +  ^  in.     "     =  f  ia 

'^  The  thickness  of  the  3^pounder  gun,  with  which  it  may  be 
compared,  being — 

At  the  breech, 2-37in. 

At  the  muzzle, 0*75  in. 

^  It  will  be  seen  that  this  cylinder  was  not  mounted  as  a  gun. 
It  had  no  trunnions.    It  was  deaded  with  wood ;  and  the  object 
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of  the  deep  steel  ring,  which  was  screwed  on  the  mnzzle,  was 
simplj  to  cover  the  ends  of  the  cleadiitg.  The  cleading  had 
nothing  to  do  with  the  principle  involved,  and  was  only  used  to 
screen  the  constmction  from  general  observation. 

^^  This  cylinder  was  proved  with  repeated  charges,  varying  from 
i  lb.  of  powder  and  one  round  shot  to  1^  lb.  of  powder  and  two 
shots.  The  cylinder  was  simply  laid  on  the  ground  with  a  slight 
elevation,  its  breech  abutting  against  a  massive  stone  wall,  so  as 
to  prevent  recoil.  It  stood  the  proof  without  injury,  and  the 
author,  on  the  19th  June,  1855,  addressed  a  letter  to  Lord  Pan* 
mure,  then  Secretary  of  War,  describing  the  experiments  and  the 
results,  and  offering  the  invention  to  the  country." 

Mr.  Longridge  then  describes  its  journey  through  the  circumlo- 
cution office.  It  was  finally  tested  in  the  absence  of  Mr.  Long- 
ridge, and  the  following  is  the  report  of  the  Ordnance  Select 
Committee : 

97*  ''The  gun  was  clamped  on  a  block  of  o&k  with  iron 
clamps,  and  allowed  to  recoil  on  a  wooden  platform.  Two  rounds 
were  fired,  the  first  with  a  chai^  of  1  lb.  powder,  1  shot  (fixed 
to  wood  bottom),  and  one  wad  over  the  shot :  the  recoil  was  7 
feet ;  the  gun  was  found  to  have  slightly  shifted  its  position  on 
the  block ;  a  trifling  expansion  of  the  wire  had  also  taken  place 
at  the  breech. 

''  At  the  second  round  the  gun  was  fired  with  2  lbs.  of  powder, 
1  shot,  and  1  wad,  and  burst :  the  separation  took  place  about 
two  inches  in  front  of  the  base  ring ;  the  breech  was  completely 
separated  fix>m  the  rest  of  the  gun,  and  was  blown  90  yards 
directly  to  the  rear.  The  wire  was  unravelled  to  the  length  of 
three  or  four  feet ;  the  brass  cylinder  burst  in  a  peculiar  manner, 
turning  its  ends  upwards  and  ontwards.  It  also  opened  slightly 
at  the  centre  of  the  gun ;  but  the  wire  did  not  give  way  at  that 
point. 

"  The  ordinary  proof  charge  for  a  gun  of  tliis  diameter  would 
be  1^  lb.,  1  shot,  and  1  wad. 

^^  In  order  to  try  mqre  particularly  the  effect  of  the  wire  in 
giving  strength  to  the  cylinder,  this  gun  was,  after  bursting,  sawn 
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in  two  at  the  centre,  and  one  end  of  each  portion  was  plugged 
with  a  brass  plug,  which  was  secnred  in  its  place  by  iron  bands 
and  several  coils  of  wire :  these  guns  were  then  secnred  to  slides 
of  wood  as  in  the  former  instance ;  they  were  placed  opposite  the 
proof  bntt,  and  that  made  from  the  breech  end  was  loaded  with 
i  lb.  powder  and  shot.  It  burst,  the  breech  being  blown  out  and 
the  wire  nncoiling  to  a  considerable  extent. 

^^  The  muzzle  portion  was  then  loaded  with  a  similar  charge ; 
it  did  not  burst,  but  was  much  shaken  by  the  discharge,  and  por- 
tions of  the  iron  bands  gave  way.  It  was  then  loaded  with  a 
charge  of  1  lb.  of  powder  and  1  shot,  which  on  discharge  burst 
in  two  places,  the  breech  being  completely  separated  from  the 
gun,  and  the  slide  on  which  it  had  been  fired  was  rent  into  sev- 
eral pieces." 

Upon  examination  of  the  method  of  mounting  the  cylinder, 
Mr.  Lo'ngridge  found  that  the  recoil  was  resisted  by  the  ring 
around  the  muzzle ;  in  other  words,  that  the  gun  was  hung  up  by 
the  muzzle-ring,  and  that  the  cylinder  had  not  hurst  at  all,  but 
was  torn  asunder  endwise  by  the  recoil.  The  second  "  burstings" 
were  merely  the  blowing  out  of  the  plugs. 

•8.  This  was  enough  for  the  Department,  however,  and  Mr. 
Longridge,  after  repeated  endeavors,  could  get  no  further  trials. 
He  then  obtained  possession  of  the  fragments  of  his  cylinder,  and 
made  the  following  experiments  upon  them.  '^  A  piece  of  the 
cylinder,  about  two  feet  long,  was  stripped  of  the  wire,  with  the 
exception  of  two  coils.  It  was  then  a  brass  tube  2  ft.  long  and 
\  in.  thick,  with  two  coils  of  square  steel  wire,  each  j\  in.  thick, 
making  together  ^  inch  of  brass,  and  |  inch  of  wire. 

"In  the  middle  of  this  he  put  l^lb.  of  Government  cannon 
powder,  and  the  ends  were  filled  up  with  close-fitting  wood  plugs, 
fixed  tightly  with  iron  wedges.  A  trench  3  feet  deep  was  then 
dug  in  stiff  clay,  and  the  cylinder  was  laid  at  the  bottom.  At 
each  end  a  railway  sleeper  was  driven  firmly  into  the  clay,  and 
the  trench  was  then  filled  in  with  clay,  well  pounded  with  a 
heavy  beater.  The  powder  was  then  fired  by  means  of  a  patent 
fuze.     The  wood  plugs  and  sleepers  were  thrown  out  with  great 
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violence,  and  a  large  mass  of  clav  at  each  end  was  blown  ont; 
but  the  cylinder  was  uninjured.  Determined,  if  possible,  to  burst 
it,  the  author  next  put  in  two  pounds  of  powder,  filled  up  the  ends 
with  close-fitting  iron  plugs,  and  bound  the  whole  together  with 
an  iron  strap  of  a  sectional  area  of  5  square  inches.  The  powder 
was  then  fired,  and  the  iron  strap  was  torn  asunder,  but  the 
cylinder  was  uninjured,  except  at  the  ends,  where,  from  the  wire 
being  imperfectly  fastened,  it  uncoiled,  and  the  cylinder  was  torn 
open.  If  the  tensile  force  of  the  iron  strap  be  taken  at  IS  tons 
per  square  inch,  the  force  of  the  powder  must  have  been  aI)ove 
18  tons  per  square  inch,  and  yet  this  was  resisted  by  i  inch  of 
brass  and  }  inch  of  steel  wire.  The  diametral  strain  must  have 
been  39  tons,  and  taking  the  brass  at  10  tons  per  square  inch,  it 
leaves  34  tons  for  the  steel  wire,  which,  divided  over  the  two 
sides,  or  ^  inch,  would  give,  for  the  ultimate  resisting  strength  of 
the  wire  so  employed,  not  less  than  136  tons  per  square  inch  of 
section.  This  wire,  it  should  be  observed,  was  of  the  finest 
quality." 

Mr.  Longridge  th^  describes  his  second  series  of  experiments 
made  in  March,  1856.  Two  sets  of  cylinders  were  prepared,  for 
the  following  reasons ;  Ist : 

OH*  ^^Many  of  those  to  whom  he  had  described  the  experi- 
ments  above  recorded,  whilst  admitting  the  great  increase  of 
strength  obtained,  were  yet  of  opinion  that  it  would  be  only  prac- 
ticable to  apply  the  wire,  in  combination  with  a  metal  of  a  soft, 
yielding  nature,  such  as  yellow  brass,  or  pure  copper.  It  was 
maintained,  that  it  would  be  impossible  to  use  the  wire  in  combi- 
nation with  cast-iron,  owing  to  the  assumed  brittleness  of  that 
material,  and  it  was  objected  that  the  soft  bras»,  or  copper,  would 
soon  be  worn  out  by  the  action  of  the  shot,  and  the  guns  be  ren- 
dered useless." 

Ilis  views  were  different:  ^^Ile  looked  on  the  inner  shell  simply 
as  a  means  of  confining  the  gases,  and  of  transmitting  the  inter- 
nal pressure  to  the  wire ;  and  knowing  that  cast  iron  would  resist 
a  crushing  force  of  40  tons,  he  was  not  afraid  of  subjecting  it  to  a 
strain  in  a  normal  direction,  which,  at  the  outside,  could  not  ex* 
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oeed  the  strength  of  powder,  or  17  tons  per  square  inch.  But 
he  was  quite  aware  that  no  reasoning  would  suffice.  Therefore, 
in  his  second  series  of  experiments,  he  resolved  to  use  cast  iron 
alone,  in  its  hardest  form, — as  produced  in  a  thin  casting." 

lOO*  ^^  As  it  might  be  desirable,  for  practical  reasons,  to  sepa- 
rate the  gun  itself  from  the  mass  of  material  intended  to  absorb 
the  recoil,  Mr.  Longridge  wished  to  ascertain  how  far  it  was  prac- 
ticable to  transmit  the  force  through  a  thin  breech  or  diaphragm 
of  a  hard  brittle  substance,  like  cast  iron,  to  a  soft  yielding  mate- 
rial, like  lead,  and  through  it  to  the  absorbing  mass  behind  the 
breech.  He  did  not  expect  to  diminish  the  amount  of  recoil  ma- 
terially, but  to  avoid  those  vibrations,  which  are  so  destructive 
between  two  hard  metals  in  contact,  and  which  always  shake 
loose  any  system  of  bolting,  or  riveting,  however  perfect  ori- 
ginally." 

'^  The  first  set  of  cylinders  was  intended  to  try  the  possibility  of 
transmitting  pressure,  as  just  stated,  through  a  thin  diaphragm. 
The  cylinders  were  of  the  dimensions  shown  in  Fig.  53,  in  which 
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A  is  the  powder-chamber ;  B  B,  cast-iron  plugs  which  were  bound 
together  by  a  heavy  strap  and  key ;  and  C,  the  space  filled  up  with 
a  soft  material,  between  the  bottom  of  the  powder-chamber  and 
the  plug  B.  The  object  was  to  ascertain  whether  the  diaphragm 
at  E  would  be  shattered  by  the  force  of  the  explosion.  Six  cyl- 
inders were  thus  prepared,  and  loaded,  and  fired,  with  charges 
varying  from  60  to  250  grains  of  Government  cannon  powder,  the 
total  contents  of  the  cylinders  being  310  grains.  Table  15  gives 
the  results. 
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Tabu  XY.— Rkults  or  EzpianavTB  with  Wn»-wouHD  Ctuxbeul 


CjUader. 

Wire. 

Charge, 

BmoIU 

No.  o. 

%  coilt. 

4coib. 
6coib. 

8  coib. 
8  coUt. 

10  coilt. 

Gratni. 
50 

50 
100 

IIO 

ISO 
150 
180 
180 
200 
»ao 

M. 

140 
too 

%%o 

140 

450 

No  eflect 

Lead. 

Ditto.. 

Ditto. 

Ditto.. 

Ditto. 

Ditto.. 

Ditto. 

•*     I. 

No  effect 

Ditto. 
Ditto. 

"     3. 

Top  flange  bnril 

No  effect 

Ditto. 
Ditto. 

Ditto.. 

Ditto. 

Ditto.. 

Ditto. 

Flange  boHL. 

Ditto. 

**    6. 

Ditto 

Ditto. 

•*    8. 

No  eflect 

Ootu-perdia. 

Gotu-percha,     tofteaed     hf 
heat 

Lead. 

Bnrft.. 

-    9. 

No  effect 

Flange  burit. 

^'  Iron  wire,  No.  21  wire  gaoge,  or  ^  inch  diameter,  was  tued. 
It8  breaking  strain  was  60  lbs.  In  no  case  was  the  bottom  of  the 
cylinder  injured,  except  in  the  second  experiment  with  cylinder 
No.  8,  when  the  gutta-percha  was  softened  by  the  heat  of  the  fint 
explosion.'* 

The  lead  transmitted  the  force  perfectly  in  every  case ;  show- 
ing conclusively  that  there  is  no  practical  difficulty  in  transmit- 
ting the  force  through  even  so  thin  a  diaphragm  bs  ^^  of  BSk  incfaf 
even  when  of  so  brittle  a  material  as  cast  iron.    After  these  ex- 
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perimentB,  Mr.  Longridge  states  that  he  ^^  needed  no  others  to 

satisfy  himself  of  the  suitability 

of  even  very  hard  cast  iron  to 

transmit  the  force  of  gunpowder 

to  wire,  or  any  other  absorbing 

material."    As,    however,    other 

cylinders  had  been  prepared,  he 

proceeded  to  try  their  strength. 

lOl.  These  cylinders  are 
shown  in  Fig.  64.  "  They  each  contained  305  grains,  when  full 
to  the  plug.  The  plugs  were  made  to  fit  accurately,  and  the 
powder  was  fired  through  a  small  vent,  or  touch-hole,  not  larger 
than  a  small  pin.    The  results  are  given  in  Table  16. 

"  In  these  experiments  iron  wire,  No.  21  wire  gauge,  or  ^  inch 
diameter,  was  used.  Its  breaking  strain  was  60  lbs.,  consequently 
the  actual  strength  of  the  material  in  the  cylinder  per  lineal  inch 
was: 


No.    o.      Caft  iron  o*io  x  i  x  tons  =    i  '76  tons. 


') 


Caft  iron 


Nil. 
at  aboTe 


Wire  4  X  18  X  1  X  ^Hjf 

I  Caft  iron 

!  Wire  8  X  18  X  2  X  j^h 


5.  Same  at  No.  7 
4.  Same  at  No.  1. 
[  Caft  iron 


10. 


I  Wire  10  X  »8  X  2  X  ^Hjf 


1.76  " 

6. 00  " 

1.76  " 

I2-00  " 


1.76 
15*00 


I  -76  tons. 
7.76     " 

15.76     •* 

13.76     « 

7.76     « 

16.76     " 


"  The  enormous  force  of  the  expansive  gases,  in  these  experi- 
ments, was  shown  by  their  action  on  the  plugs,  which,  although 
accurately  fitted  and  of  hard  iron,  were  chiselled  and  grooved  out 
in  an  extraordinary  manner,  as  may  be  seen  in  one  specimen  ex- 
hibited.    The  vents,  too,  were  rapidly  enlarged." 

103.  The  results,  as  regards  strength,  were  so  conclusive,  that 
Mr.  Longridge  proceeded  to  construct  a  small  gun  (Fig.  55).  This 
gun  was  2"96  inches  bore  and  36  inches  long  in  the  clear ;  it  had 
on  it  twelve  coils  of  No.  16  W.  G.  iron  wire,  at  the  breech,  decreas- 
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Table  XYL — Rkultb  or  EzpnuMEinti  with  Wn»-wouin>  OrunmMB. 


No.  or 

Cjrliadcr. 

WIrfc 

Chirg«. 

BMolta. 

BMurka. 

• 

OnlnsL 

No.    o. 

None. 

40 

Noefied. 

Ditto. 

50 

Ditto. 

Ditto. 

60 

Ditto. 

Ditto. 

70 

Ditto. 

Ditto. 

80 

Burft. 

"    ». 

4coiU. 

130 

Noeflfca. 

Ditto. 

150 

Flange  borft. 

"    7. 

8  coib. 

ooo 

Noeffba. 

A  wroofht-iron  fluge,  ^in., 
on  fljuife. 

cunuanea 

Ditto. 

aio 

Ditto. 

Ditto. 

140 

Ditto. 

150 

Ditto. 

Ditto. 

260 

Ditto. 

Ditto. 

270 

Ditto. 

Ditto. 

aSo 

Ditto. 

Ditto. 

290 

Ditto. 

Hoop  on  flange  ftlftcd 

"    5. 

8coiU. 

100 

Noeffea. 

Ditto. 

%20 

Ditto. 

Ditto. 

130 

Ditto. 

Ditto. 

*40 
100 

FUngccnckcd. 

«    4. 

4  coils. 

Noefllea. 

Ditto. 

150 
310 

FUngccncfcad. 

«♦  10. 

10  coils. 

1 

Noeflea. 
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ing  to  four  coilfl  at  the  muzzle.  The  thickness  of  cast  iron  was  {} 
of  an  inch  at  the  breech  and  i  inch  at  the  muzzle.  The  gun 
was  cast  hollow,  and  a  recess  was  left  in 
the  thick  part  of  the  breech,  in  which  an 
india-rubber  washer,  f  inch  thick,  was 
placed.  The  trunnions  formed  no  part  of 
the  gun,  but  consisted  of  a  strap  passing 
round  the  breech,  with  two  side  rods  ex- 
tending about  one-third  of  the  length  of 
the  gun,  and  terminating  in  the  trunnions 
themselves.  Thus,  the  whole  force  of  the 
recoil  was  transmitted  through  the  heavy 
mass  at  the  breech,  then  through  the  india- 
rubber,  and  along  the  side  rods  to  the 
trunnions.  The  whole  was  then  mounted 
on  a  wood  carriage,  on  four  roller  wheels, 
about  8  inches  diameter.  The  weight  of 
the  gun  and  wrought-iron  trunnion  strap 
was  3  cwt.,  and  the  carriage  2  cwt.  0  q. 
15  lbs.,  making  a  total  of  5  cwt.  0  q. 
15  lbs. 

The  shot  were  cast  as  nearly  the  size  of 
the  bore  as  possible,  so  as  to  move  freely, 
but  with  very  little  windaga  The  spheri- 
cal shot  weighed  3f  lbs.,  and  the  conical 
shot  from  6  to  7i  lbs.  Table  17  gives  the 
results  with  7°  elevation,  the  powder  used 
being  Government  cannon  powder. 

103.  These  trials  were  only  intended 
to  be  preliminary,  but  an  accident  similar 
in  nature  to  that  which  destroyed  Krupp's 
steel  gun — ^the  breaking  and  wedging  of 
the  shot — tore  the  gun  asunder  endwise, 
throwing  the  muzzle  15  yards  forward,  with  the  shot  in  it.  But 
the  wire,  although  uncoiled,  was  not  broken.  No  farther  experi- 
ments have  been  made  with  wire-wound  guns. 


<^ 


LoDfrridgfe's    experimental 
2*96-in.  wire-wound  g^n. 
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WITH  LoKOBiDaB's  2*96-19.  GuiT,  tnovo  ov 

SAimo,  Jum  4»  1866. 


So, 

DoMriptioBor 

Weight 

Chuyeor 
Powder. 

Bulge  to  First  Onao. 

Dm. 

01. 

Round. 

3l 

II 

1400  yards. 

Elongated. 

H 

tl 

1100  yards. 

Ditto. 

6 

8 

isio  yards. 

Ditto. 

7i 

11 

154s  yards. 

Ditto. 

7 

11 

Loft  beyond  1 500  yards. 

Ditto. 

7 

i6 

Loft  beyond  1800  yards. 

lO 

Ditto. 

H 

i6 

1 500  yards. 

II 

Ditto. 

6i 

i6 

Loft  beyond  1800  yards. 

104.  Brooke's  Hooped  Gans.  Figs.  66  and  57  represent 
the  7-in.  cast-iron  gnn,  hooped  with  wronght-iron  rings,  as  fabri- 
cated by  Mr.  John  K  Brooke,  "Lt.  C.  S.  Navy,"  at  the  Tredegar 
Works,  Richmond,  Virginia.*  The  other  calibres  are  similar  in 
design.  The  excellent  quality  of  the  cast-iron  gons  formerly 
made  for  the  XT.  S.  Gk>yemment  at  the  Tredegar  Works,  renders 
it  probable  that  these  guns,  although  slightly  hooped,  are  capable 
of  a  considerable  endurance.  This  class  of  gun  is  used  with  14 
lbs.  of  powder  and  80  lb.  shell.  One  gun  is  stated  to  have  fired 
double  charges  without  injury.  The  following  are  the  particulars 
of  the  7-in.  guns: 

Total  length 146*05  inches. 

Length  of  bore i>9*9  ** 

Length  of  wrooght-iron  reinforce 30*  ** 

Length,  mossle  to  centre  of  trunnions... 80*5  ** 

Length,  centre  of  trunnions  to  forward  end  of  reinforce 10*9  ** 

Diameter  of  bore 7*  •• 

Diameter  of  muisle 14*55  ** 

Diameter  of  cylindrical  part  of  cafttng  under  reinforce 27  ^^  ^ 

Diameter  over  reinforce. 31*2  ** 

lOtS.  The  rifling  consists  of  7  grooves  (Fig.  68)  ^  in.  deep,  very 


*  The  •DgittTingB  w«r»  reduced,  bj  the  author,  tnm  ofllchd  dmwingt  in  Loodoa. 
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alighUy  rotmded  mt  the  corners, 
with  1  torn  in  40  feet  The 
groorei  raniiJi  as  thej  approach 
the  chamber. 

!•••  Attlck's] 
force. — The  i>resent  rifled  gun 
of  the  Stevens  gunlioat  Xauga- 
tuck^  wart  fabricated  by  tlic  Ames 
Manufacturing  Co.,  Chicopee, 
Mass.,  and  ia  hhown  by  Fig.  59. 
It  is  an  old  cast-iron  42-pounder 
with  a  ^'comiK)sition''  h<M>p  forced 
on  by  bydnnitatic  pre?^ure.  Tlie 
exact  material  of  tlie  hoop  u  not 
nuulc  public.  The  invcntofs  have 
^ince  made  a  bn^nxe  said  to  hare 
a  teuMlo  strength  of  80,(n>0  lbs. 
per  B<]uare  inch.  TIua  gun  hsA 
been  tried  with  100  lb.  proje<-tilert 
( JamesV)  and  16 lb.  charges.    The 


» Thm  Hmtgttkttk  it  tDuflntod  in  AOoClMr  oUpl«. 
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service  charge  is  14  lbs.  No 
test  of  the  gun  has  beeh  made, 
and  the  vessel  has  not  been  in 
action  since  receiving  it;  but 
its  endurance  can  hardly  be 
assured  from  the  results  of 
similar  experiments  in  Eng- 
land.   (See  Table  18.)* 

107.  Atwater's  Gum.  A 
5'86-in.  (80-pounder)  hooped 
gun,  experimented  with  at  the 
Washington  Navy  Yard,  is 
rather  remarkable  in  its  ri- 
fling, which  will  be  farther 
mentioned.  It  is  a  cast-iron 
gun,  21,  in.  diameter  at  tlie 
breech,  with  a  tier  of  6  wrought- 
iron  hoops  6  x  2  in.  each,  shrunk 
on,  and  a  second  tier  of  5  simi- 
lar hoops  over  the  first  tier. 
Length  of  bore,  12  ft. ;  weight, 
11,625  lbs. 

108.  The  la-Inch  Bnai- 
ford  Gan.  A  somewhat  cele- 
brated gim  cast  at  South  Boston 
in  1846,  and  thus  designated 
from  the  name  of  its  designer, 
is  illustrated  by  Fig.  60.  It  is 
a  12-in.  smooth-bore  of  134  in. 
total  length,  116*2  in.  length 
of  bore  and  chamber,  88*2  in. 
diameter  over  the  chamber, 
and  25,510  lbs.  weight.  Before 
it  was  hooped,  the  greatest  en- 
largement of  the  chamber  with 
ao,  25,  and  28  lbs.  powder  and 

*  Since  the  abore  waa  written,  this  gun  buret  after  a  ahori  aenrioe. 
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a  150  lb.  shell,  after  93  fires,  was  *005  in.,  and  the  greatest  en- 
largement at  the  lodgment  of  the  shell,  '074  in.  The  maximum 
range  in  ricochet  fire,  with  181  lb.  shell  and  28  lbs.  powder,  was 
5800  yards. 

This  gnn  was  hooped  in  1862  with  wronght-iron  rings,  about  1 
inch  wide  each,  making  a  reinforce  81f  in.  long,  4  in.  thick,  and 
46  in.  in  total  diameter.    The  gun  has  not  been  put  into  service. 

109.  Mallet's  l¥ronfht-Iron  SB^Inch  Mortar.  Tlie  mon- 
ster mortar.  Fig.   61,  consists   of  wronght-iron   hoops   shrank 
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Mallet's  36-ioch  wrought-iitm  mortar, 
together  with  definite  initial  tension.  It  is  made  in  6  sections 
(bo  as  to  be  transportable),  which  are  fitted  gas-tight,  with  rab- 
beted joints,  and  bonnd  together  bj  6  staves.  Tlie  chase  is  2^ 
calibres  long.  The  chamber  is  a  solid  forging,  set  in  a  cast-iron 
base  of  11  tons  weight  The  total  weight  of  the  piece  is  113538 
lbs.,  or  about  52  tons.  Its  cost  is  stated  at  £14000.  It  was 
completed  in  1857,  and  is  now  mounted  at  the  Woolwich  AnenaL 
The  chamber  and  barrel  are  in  good  condition,  although  one  of 
the  bolts  connecting  the  muzzle  with  the  base  is  broken,  after 
limited  practice;*  the  mortar  is  generally  considered  a  failure. 
•  Mr.  Mallet  baa  stated  that  this  oould  be  repaired  for  £30. 
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The  practice  with  86-in.  shellfl  will  be  given  in  another  chapter. 
The  mortar  has  fired  shells  of  2481  lbs.  weight,  holding  a  480 
lb.  bursting  chai^,  above  2  miles,  with  80  lbs.  of  powder. 

Section  II.     Solid  Wbouoht-Ibon  Guns. 

1  lO.    I.  The  Meney  Steel  and  Iron  €o/t  Gnns.      The 

HoBSFALL  Gun. — The  most  remarkable  piece  of  this  manufacture 
is  the  "HorsfaU  Gun"  (Figs.  62,  63),  fabricated  in  1856,  and 
recentlj  made  famous  In  target  practice  at  Shoeburyness. 

Fabbicahon. — This  gun  is  a  solid  forging  of  wrought  iron, 
bored  out.  The  trunnions  are  forged  upon  a  separate  ring,  which 
is  held  in  place  by  a  key,  as  shown  in  the  engraving. 

111.  The  dimensions  of  the  gun  are : — Length,  15  feet  10 in. ; 
diameter  over  chamber,  3  feet  7  in. ;  length  of  bore,  13  feet  4  in. ; 
diameter  of  bore,*  13014  in.  The  weight*  is  53846  lbs.  221  oz. 
The  usual  windage  is  *2  in.     The  gun  is  not  rifled. 

113.  The  mass  of  forged  iron  in  the  rough,  was  a  rude  conic 
frustum,  about  17  feet  in  length,  rather  more  than  4  feet  in 
diameter  at  the  breech  end,  and  above  3  feet  at  the  other. 
"  Puddled  rough  bars  were  made  from  the  best  selected  Scotch 
and  North  Wales  pig-iron,  and  were  worked  as  little  as  |X)ssible 
before  being  sent  to  the  forging  department.  The  puddle  balls 
were  hammered,  then  rolled  into  No.  1  bar  iron,  and  that  was  cut 
up,  piled,  and  again  rolled  into  No.  2  bars.  *  *  *  A  core,  formed 
of  a  fagot  of  square  bars,  was  first  welded  up  and  rounded  to 
about  15  in.  diameter.  Upon  this,  three  several  coats  or  piles  of 
Y-shaped  or  voussoir  bars  were  laid  on,  and  welded  in  succession ; 
so  that  the  fagots  might  finally  be  supposed  to  have  a  section 
something  like  that  shown  in  Fig.  64.  The  extreme  diameter  of 
the  breech  end  was  produced  by  welding  slabs  over  these  again, 
where  the  mass  exceeded  82  inches  in  diameter."!  The  forging 
was  done  under  a  ^^  15-ton"  hammer,  and  the  heating  in  a  rever- 

♦  Report  of  Ordnance  Seleet  ChmmiUee,  Feb.  6,  1857. 

f  "On  the  coefficients  of  elasticity  and  rupture  m  massive  forgings."    Mallbt. 
iuL  Civil  Engineers,  March,  1859. 
6 
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Section  of  pile  of  Horsfall  gun. 


beratory  furnace.     Fifty  tons  of  iron  were  used,  and  the  process 
occupied  seven  weeks. 

113.  Endurance. — Above  8000  lbs.  of  powder,  and  60000 
lbs.  of  282  lb.  solid  shot  have  been 
fired  from  this  gun  at  various 
rounds;  among  others,  there  have 
been  90  rounds  with  50  lbs.  of 
powder,  21  rounds  with  40  lbs,, 
and  6  rounds  with  50  lbs.,  at  Shoe- 
buryness;  2  rounds  with  80  lbs., 
at  Liverpool;  13  rounds  with  20 
to  45  lbs.,  and  40  rounds  with  30 
lbs.  With  45  lbs.  of  powder,  a 
number  of  shell  were  fired  loaded 
with  lead  to  weigh  310  and  318  lbs. 

The  unequal  shrinkage  of  the 
solid  breech  of  this  gun,  during 
its  fabrication,  caused  a  crack,  which  was  afterwards  covered  with 
a  breech-plug  or  false  bottom  in  the  chamber,  to  prevent  the  lodg- 
ment of  any  burning  material.  The  defects  of  the  gun,  before  the 
experiments  of  1862,  were  stated  as  follows,  in  the  report  of  the 
Inspector  of  Artillery  :* 

^^  A  plug  (8*4  in.  diameter)  is  inserted  in  the  bottom  of  the  bore 
(driven  back  '05  in.  after  the  experiment  of  the  16th  of  Septem- 
ber, 1862). 

"  Sight, — A  hole,  1*8  in.  long,  '65  in.  wide,  and  13*75  in.  deep, 
extends  from  the  edge  of  the  plug;  another,  1*5  in.  from  the  edge 
of  the  plug,  is  *65  in.  long,  *25  in.  wide,  and  '2  in.  deep. 

^^Left — A  hole  from  the  edge  of  the  plug,  *5  in.  long,  *5  in. 
wide,  and  3*75  in.  deep;  another*  1*5  in.  from  the  edge  of  the 
plug,  -8  in.  long,  '3  in.  wide,  an^  5*75  in.  deep.  (Dimensions  of 
this  flaw,  after  the  experiments  of  16th  of  September,  *65  in.  long, 
•35  in.  wide,  and  6*5  in.  deep.) 

^Left  of  Down. — One  hole  at  the  end  of  the  bore  '5  in.  long, 
•15  in.  wide,  and  •I  in.  deep. 

•  British  Artillery  Records,  1862. 
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^^  In  the  bottom  of  the  bore  a  flaw  commences  at  the  edge  of  the 
plug,  aboat  '2  in.  wide  and  *2  in.  deep  at  the  hu-gest  part,  and  ex- 
tends 25  inches  along  the  bore  (this  flaw  has  slightly  increased  in 
size). 

^^  In  addition  to  these  flaws,  small  longitudinal  fissures,  such  as 
are  usuallj  found  in  wrought-iron  ordnance,  are  visible  all  round 
the  bore  at  85  inches  from  the  breech." 

114.  After  the  gun  had  endured  these  tests,  and  had  been  pre- 
sented to  the  British  Government  by  the  makers,  it  was  left  un- 
protected on  the  beach  at  Portsmouth.  By  renewed  exertions,  the 
Mersey  Company  at  last  obtained  permission  to  fire  it  at  the 
Warrior  target.  It  was  found  nearly  buried  with  shingle  and 
much  injured  by  rust.  Having  been  taken  to  Shoeburyness,  it 
fired  several  rounds  of  2S2  lb.  shot  with  74  lbs.  of  powder,  with 
terrific  efiTect  at  short  range.    (Tables  2S  and  31.) 

The  cost  of  such  guns,  in  England,  would  be  about  $12500. 

lis.  The  Prince  Alfred  Gnn,*  Fig.  65, shown  in  the  Great 
Exhibition  of  1862,  was  foi^ged  hollow,  on  a  plan  patented  by 
Lt-Ck)l.  Clay,  of  the  Mersey  Iron  Works,  and  intended  principally 
to  overcome  the  defect  of  unequal  shrinkage  and  initial  strain  and 
rupture  (429).  Broad  plates,  bent  to  the  proper  cur\'e,  were  laid 
and  welded  upon  a  barrel  made  of  rolled  staves. 

116.  Its  dimensions  are:  length  (without  cascable),  151  in.; 
length  of  bore,  137  in. ;  diameter  over  chamber,  81f  in. ;  diame- 
ter at  muzzle,  14|  in. ;  diameter  of  bore,  10  in. ;  weight,  24094  lbs. 

The  gun  is  rifled  on  a  plan  intended  to  be  Commander  Scott's, 
with  8  grooves  J  in.  deep,  but  cut  the  Mrrong  way,  so  that  the  pro- 
jectile would  be  rotated  by  the  inclined  instead  of  the  radial  sur- 
face of  the  grooves.  It  will  therefore  have  to  be  bored  out  to  10^ 
in.,  and  will  then  carry  a  156  lb.  spherical  shot. 

117.  This  gtm  has  been  fired  but  twice,  and  then  as  a  smooth- 
bore; 1st,  with  a  140  lb.  shot  and  20  lbs.  of  powder,  and  2d,  with 
the  same  shot  and  30  lbs.  of  powder.  The  test  proposed  by  the 
makers  is  1  round  with  1  shot  and  100  lbs.  of  powder.  The  price 
of  this  gun  is  $5000  in  England. 

*  The  Prince  AllVed  Gun  haa  recently  been  pttrchMed  bj  Captain  Blakelj. 


Alfrrd  •  ia-«n,   n  roQi^ht-irrn      Tbe  Ufnttj  12-iDrh  irun  in  lh«»  BrooUjra 
fuA.  ScaK  f\  in.  to  1  (t  Nat/  YarU.     &«i«\  i^  in.  to  1  ft. 
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118.  Brooklyn  Ifavjr  Yard  Gnu.  The  12-in.  wronght-iron 
gun,  in  the  Brooklyn  Navy  Yard,  Fig.  66,  was  forged  like  the 
Horsfall  gun,  by  the  Mersey  Iron  Works,  in  1845,  to  replace  the 
Stockton  gun.  Its  dimensions  are :  total  length,  14  feet  1  in. ; 
diameter  over  the  chamber,  28  in. ;  length  of  bore,  12  feet ;  diam- 
eter of  bore,  12  in. ;  weight,  16700  lbs.  It  was  received  after  the 
bursting  of  the  Stockton  gun,  of  which  it  is  a  copy,  in  shape,  and 
has  never  been  mounted  for  service.  It  has  been  fired  once  with 
two  224  lb.  shot  and  45  lbs.  of  powder. 

1 19.  A  6-Inch  Wbought-Ibon  Smooth-Bobb  Oun,  made  at 
these  works  for  the  Kussian  Government,  stood  a  300  lb.  elongated 
projectile  and  16  lbs.  of  powder.  The  metal  of  the  chamber  was 
compressed,  but  no  other  damage  was  done. 

190.  The  Mersey  Works  have  also  constructed  several  experi- 
mental wrought-iron  guns  by  the  rolling  process.  One  of  these, 
2^  inches  bore,  was  fired  with  22  balls  and  a  cylinder  projecting 
12  inches  from  the  muzzle  ;  charge,  1}  lbs.* 

131.  The  BRmsu  Oovkrnmemt  has  ordered  several  guns  of 
6^  inches  bore,  to  be  forged  hollow,  like  the  Alfred  gun.  One  of 
these,  weighing  9282  lbs.,  was  fired  10  rounds  with  a  68  lb.  10  oz. 
shot;  10  rounds  with  a  136  lb.  8  oz.  shot ;  10  with  a  204  lb.  shot ; 
10  with  a  273  lb.  shot;  10  with  840  lb.  8  oz.  shot ;  10  with  410 
lb.  shot ;  and  10  with  a  476  lb.  shot.  At  the  70th  round  the  gun 
burst  into  eight  pieces.  Subsequent  experiments  on  the  metal 
gave  a  tensile  strength  of  45359  lbs.  per  sq.  inch. 

199.  Another  block,  forged  to  the  shape  of  the  Armstrong  12- 
pounder,  and  rifled  and  fitted  as  a  12-pounder,  was  subjected  to 
the  usual  proof,  but  exhibited  in  the  chamber  ^^  holes  and  dents  to 
an  extent  which,  if  taking  place  in  an  Armstrong  gun,  would  not 
be  passed  for  servicc.^f  A  40-pounder  block,  forged  from  the 
same  iron,  and  finished  like  the  Armstrong  40-pounder,  was  "fired 
100  rounds  with  the  service  charge  of  5  lbs.,  and  cylinders  increas- 
ing in  weight  fit>m  40  lbs.  to  400  lbs;  also  17  rounds  with  the 


^  OoL  Clsj.    CoMtniction  of  AnOkry,  Inst  0.  &,  ISSO. 
t  Report  of  Setoct  OommittM  on  Ordunoe,  1863. 
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double  flervioe  charge,  viz.,  10  lbs.,  and  with  the  40-pounder  ser- 
vice shot;  total,  117  rounds.  The  result  is,  that  the  bore  is 
deeply  fissured  all  round,  from  75  in.  from  the  muzzle  to  the 
breech  end  of  the  powder  chamber.  The  powder  and  shot  cham- 
bers are  also  expanded."*  This  expansion  was  *068  in.  maxi- 
mum, in  diameter,  at  the  powder-chamber,  and  '374  in.  maximum 
at  the  shot-chamber. 

133.  The  committee,  however,  say,  that  ^'both  these  guns 
have  shown  an  endurance,  if  not  fully  equal  to  guns  made  on  the 
coil  system,  yet  at  least  ample  for  the  requirements  of  the  service, 
if  it  is  accompanied  by  the  power  of  resisting  a  very  great  number 
of  service  charges;"  and  in  a  subsequent  report,  that  by  the  em- 
ployment of  the  Mersey  blocks  instead  of  the  Armstrong  coil, ''  a 
saving  in  the  cost  of  manufacture  will  be  effected  to  the  extent  of 
about  £74  ($370)  per  40-pounder  gun,  and  £15  ($75)  per  12- 

'  pounder  gun,"* 

134.  II.  The  St4»ekton  Onns. — Three  12-inch  wrought-iron 
guns  were  made  some  years  since,  under  the  direction  of  Commo- 
dore Stockton,  for  the  XJ.  S.  Government.  They  are  all  illustra- 
ted by  Fig.  66. 

19S.  The  first,  called  the  ^^  Oregon"  gun,  was  forged  in  Eng- 
land. After  considerable  use  with  charges  of  20  to  30  lbs.  of 
powder  and  216-lb.  balls,  it  cracked  through  the  reinforce,  but 
was  hooped  and  fired  afterwards  without  injury.  This  gun  is  now 
in  the  Kavy  Yard  at  Philadelphia. 

136.  The  '^  Peacemaker"  was  forged  in  the  United  States,  by 
Messars.  Ward  &  Co.  The  greater  part  of  the  iron  was  in  4-in. 
baxB,  8^  ft.  long.  Of  these,  80  were  laid  up  in  a  fagot,  welded, 
and  rounded  into  a  shaft  20  to  21  in.  in  diameter.  Iron  in  the 
form  of  segments,  varying  in  weight  from  200  to  800  lbs.,  and 
usually  large  enough  to  reach  ^  round  the  gun,  was  welded  on, 
there  being  two  strata  of  segments  over  the  breech.  The  hammer 
used  weighed  15000  lbs.  The  time  occupied  in  the  forging, 
during  which  the  iron  was  kept  more  or  less  highly  heated,  was 

*  Beport  of  Select  Oommittee  oa  Ordnanoe,  1863. 
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45^  days.    This  gun  bunt  on  board  the  IJ.  S.  steamer  Princeton^ 
after  a  few  discharges.* 

The  third  Stockton  wronght-iron  gun  is  the  Mersey  Iron  Works' 
gun,  already  described,   (i  i8.) 

1371  III.  miseellaiieons  Solid  Wroiiflit-Iroii  Gnus. — 
Ltnall  Thomas's  7-ikch  Gun. — ^Although  there  are  many  field- 
pieces  composed  of  wrought  iron  piled  and  treated  in  various 
ways,  no  heavy  ordnance — than  that  described  above — ^has  been 
fabricated,  excepting  Mr.  Lynall  Thomas's  T-inch  gun,  which 
recently  burst  at  Shoeburyness.     This  gun  was  rolled,  by  Messrs. 

Morrison  and  Ck>.,  Newcastle, 
into  a  tube,  from  a  plate  of  inch 
iron,  as  illustrated  by  Fig.  67. 
There  were  14  or  16  layers  of 
plate  foiged  into  a  mass  over  an 
internal  cast  steel  tube.  Over 
the  breech  were  two  hoopA,  13 
inches  long  by  8  inches  thick. 
Length  of  gun,  11  ft.  6  in.;  total 
diameter,  26  in.  It  was  rifled 
with  8  projecting  ribs,  1^  in.  wide 
each,  the  diameters  of  the  bore 
being  7  and  6*6  in.  The  gun 
burst  in  firing  at  the  Inglis  tar- 
get, on  Dec.  29,  1862,  at  the 
second  round,  with  a  27i-lb.  charge  an<La  188-lb.  shot.f 

Thk  New  Ebiobson  Oun. — Two  13-inch  guns,  designed  by  Mr. 
Ericsson^  as  a  part  of  the  armament  of  the  iron-dads  Puritan 
and  Dictator^  are  nearly  completed.  The  gun  is  a  solid  wrought- 
iron  barrel,  forged  from  a  very  superior  iron  (specially  tested  for 


LyntU  Thomas's  74nch  gun — ^mode  of 
fabrication. 


^  An  abstract  of  Ibe  report  of  the  Committee  of  the  Franklin  tnititute  on  the  con- 
dition of  thi^  gun  will  l)e  found  in  a  following  chapter.    (416.) 

f  This  process  of  manufacture  will  bo  further  described  nndef  the  head  of 
"Wrought  Iron/'    (450.) 

\  Capt  Ericsson  "  is  to  rooeire  nothing  for  those  gnns.  unless  thej  burn  orer  50 
lbs.  of  powder.  *  *  *  He  is  ooofldent  of  being  able  to  bum  100  lba."^^rmy  m^ 
Aovy  /ottmoA  Sept  30,  1863. 
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the  pnrpoeeX  at  Bridgewater,  Mebs.,  and  reinforced  with  a  Beries 
of  thin  waaherB,  forced  on  with  accurately  determined  tension  bj 
hydrostatic  pressure.  Upon  the  end  of  the  breech  is  foi^d  a  solid 
flange,  against  which  the  washers  abnt  The  washers  are  cut  out 
of  f-in.  boiler  plate,  and  extend  forward  to  the  middle  of  the 
chase,  where  a  nut,  embracing  and  screwed  upon  the  chase,  presses 
them  against  the  solid  flange,  and  into  close  contact  with  each 
other.    The  following  are  the  particulars  of  this  gun: 

Ft.  Ins. 

Length,  totals 12       8 

Length  of  reinforce  of  wadien 8 

Length  of  mazimani  diameter 3  6 

Diameter,  maximum 3  11 

Diameter  of  muaxle^ I  10 

Diameter  of  bore I        t 

Diameter  of  barrel  onder  reinforce 2  4^ 

TUckneis  of  hoops  or  wadiert { 

Thicknefs  of  walls  of  barrel 7| 

Total  thicknefs  of  wall  of  gon I       5 

Weight 47000  lbs. 

198.  Ames's  WBoroHX-lBON  Guw. — Mr.  Horatio  Ames,  of  Salis- 
bmy,  Conn.,  has  forged  several  experimental  cannon  of  6  in.  bore, 
out  of  the  celebrated  Salisbury  iron,  by  a  new  process  of  his  own. 
A  slab  10  in.  square  and  six  inches  thick,  piled  and  hammered  in 
the  usual  way,  and  rounded  and  turned  to  form  a  short  cylinder, 
receives  a  3-in.  hole  in  the  middle,  and  a  welded  ring,  6  x  6  in.  in 
section,  is  shrunk  upon  the  outside.  The  disk  thus  made  is 
welded  to  a  mass  of  iron,  forged  on  the  end  of  the  staff  by  a  hori- 
zontal steam-hammer  equivalent  to  an  ordinary  6-ton  hammer. 
Other  disks  are  thus  welded  to  the  first,  till  the  requisite  length  is 
attained.  The  gun  is  also  hammered  by  an  upright  6-ton  steam- 
hanmiOT.  A  pin  is  driven  through  the  hole  in  each  disk,  after  it 
is  welded  on,  into  the  corresponding  hole  in  the  next  disk,  to  open 
and  preserve  the  line  of  the  bore.  The  forging  is  upset  to  two- 
thirds  of  its  original  length,  and  increased  in  diameter  two  inches. 
The  shape  of  the  gun  is  that  of  the  Dahlgren  50-pounder  (Fig. 
68).    The  trunnions  are  put  on  with  Dahlgren's  breech-strap 

(305). 
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the  forging  of  large  masses  from  single  homogeneous  ingots, 
without  seams  or  welds.  An  ingot  of  21  tons  weight,  and  44  in. 
diameter,  was  shown  at  the  Great  Exliibition  of  1862.  Similar 
castings  are  forged  every  day  into  shafts,  cannon,  etc.  The  head 
of  Kmpp's  heaviest  liammer  is  said  to  weigh  40  tons.* 

1S9.  Figs.  69  and  70  represent  the  9-inch  gun  shown  in  the 
Exhibition  of  1862.  It  was  at  that  time  the  largest  cannon  forged 
at  this  establishment,  and  by  far  the  largest  gun  ever  forged  with- 
out welds.  It  was  intended  for  a  Krupp  breech-loader,  but  is 
adapted  to  other  plans  of  breech-loading  or  to  conversion  into  a 
muzzle-loader  by  the  simple  insertion  of  a  breech-plug.  It  is  a 
smooth-bore,  and  was  intended  for  a  200-pounder  to  250-pounder 
rifle.  Its  dimensions  are :  total  length,  13  ft.  8^  in. ;  diameter 
oyer  chamber,  27}  in. ;  diameter  at  muzzle,  15^  in. ;  diameter  of 
bore,  9  in. ;  weight,  18000  lbs. ;  price,  $10125. 

133.  The  other  large  Krupp  guns  in  the  exhibition  were  an 
8*12-in,  gun,  weighing  8365  Ib^.,  and  a  7-in.  gun,  weighing  7709 
lbs.  Artiller}^  of  smaller  calibres,  especially  for  iield-service,  ha^ 
been  made  at  tliis  establishment,  in  great  quantities,  for  the  Prus- 
sian, French,  Belgian,  Austrian,  Russian,  Egyptian,  Swiss,  Dutch, 
Bavarian,  Norwegian,  and  other  governments,  all  of  which  has 
given  entire  satisfaction. 

134.  Mr.  Krupp  is  now  making  a  large  number  of  solid-steel 
guns  for  Russia ;+  among  them  fifty  9-in.  guns  (Fig.  71),  of  18480 
lbs.  weiglit  and  15  ft.  length  of  bore,  and  a  larger  number  of  8-in. 
guns,  of  16800  lbs.  weight  and  13  ft.  2  in.  length  of  bore,  and  of 
6-in.  guns  of  8900  lbs.  weight  and  10  ft.  8  in.  length  of  l)OPe. 

*  In  a  circular  dated  Januaiy,  18C1,  Mr.  Krupp  sajs  that  the  oapabOitiM  of  the 
works  admit  of  a  daily  production  of 

18  blocks  (not  bored),  suitable  for  guns  of  3*00-in.  bon( 
or  12       "  •*  "  "  3*60  *• 

or    8       "  «  "  •*  4-50         " 

or    4       "  •*  "  "  6-76  « 

or    2       "  »*  "  "  800  •• 

or  half  these  numbem  of  flnished  guns,  turned,  bored,  and  rifled. 

I  In  addition  to  these,  the  Rosslan  government  has  made  extsnaitv  prspaiatioQa, 
at  enormous  cost,  to  produce  steel  guns  in  Russia,  and  has  ordered  a  laige  i 
of  iteel  and  other  hooped  guns  fh>m  Captain  Blakely. 
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They  are  all  muzzle-loaders,  of  the  form 
shown  by  Fig.  71,  and  rifled  on  the 
fihont  plan.*  Mr.  Krupp  is  also  mak- 
ing for  Kussia  several  11-in.  guns,  fitted 
with  his  own  plan  of  breech-loading  ap- 
paratus, which  will  be  described  in  an- 
other chapter ;  and,  it  is  stated,  though 
not  officially,  several  15-in.  guns,  at  a 
cost  of  87  cents  per  pound.f 

The  experiments  on  armor-plates, 
with  the  9-in.  steel  guns,  at  St.  Peters- 
burg, will  be  referred  to  under  that 
head. 

135.  Endurance.  —  The  British 
Grovemment  lias  also  experimented 
with  Knipp's  guns  of  various  calibres. 
The  most  severe  test  to  which  the 
metal  has  been  subjected,  occurred  at 
Woolwich,  in  1862-3.  Three  guns  were 
furnished  by  Mr.  Krupp,  upon  his  own 
system  of  breech-loading,  and  at  his  own 
expense,  viz.,  a  20-pounder,  a  40-pound- 
er,  and  a  110-pounder,  of  3'75, 4*75,  and 
7  inches  bore,  respectively.  They  were 
all  rifled  upon  the  Armstrong  multi- 
groove  system,  with  44,  56,  and  76 
grooves  respectively,  and  fired  with 
Armstrong  compressing  projectiles, 
which  is  a  rather  severe  test  in  itself. 
The  proof  is  recorded  in  Tables  10,  20, 
and2L 
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^  The  rifling  of  the  9-iDch  gmis,  a  number  of 
which  were  delivered  in  the  autumn  of  1863,  will 
be  iUnatrated  in  another  chapter. 

f  The  foQowing  circular  has  been  issued  by  Mr. 
Krupp: 

(See  next  four  pages.) 
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1S6.  The  first  of  the  9-m.  guns  supplied  to  the  Kussian  goT- 
ernment*  is  reported  to  have  fired  70  rounds  of  3004b.  shells  with 
50  lbs.  of  powder,  up  to  the  close  of  the  armor-plate  experimenta 
of  October  17,  1863,  and  to  have  even  fired  several  shots  throu^ 
5^in.  plates  witliout  exhibiting  any  deterioration.     Meanwhile, 


Cast-Stskl  WoBKt,  MXAE  Esuuf,  RuxKitu  Pbumxa,  JuiiiArj,  IHtl. 

On  distributing  tlie  enclosed  Prioe  List  for  Cast-Steel  Guns,  I  beg  to  fViriush  the 
following  extract  from  a  |>amphlet  by  Dr.  H.  Scbeffler.  entitled  "  Elastic  Proportions 
of  Barrels,  Tubes,  etc."  (Kreidel  and  Niedner,  Wiesbaden,  1859X  particularlj  referring 
to  guns,  and  tlie  rules  laid  down  therein;  directing,  also,  to  my  works  for  repljr  to 
questions  relative  tbereta 

FaiBDR.  Karpp. 

The  author  (Dr.  SchefSer)  oonflnns  the  rule  of  Lam^  as  being  correct  for  f^^/mUtiny 
the  thiclcness  of  metals  for  cylindrical  tubes 
Stating  bf 

b    the  thiclcness  of  metal ; 

r    the  interior  radius  of  the  tube; 

p    the  interior  pressure  of  the  gun  per  square  inch; 

f    the  absolute  resistance  of  the  metal; 

n    tlie  coefficient  of  safety; 

1 
—  f  =  s,  the  greatest  tension  to  which  the  material  can  be  strained  at  the  moat 

dangerous  part,  viz.,  the  interior  surface  of  the  gun, 
and  neglecting  the  pressure  acting  upon  the  gun  from  the  exterior,  which  will  not  be 
sensibly  felt  on  guns,  hydraulic  cylinders,  etc.,  where  the  exterior  atmoapheric  pres- 
sure, compared  with  that  in  the  interior,  is  so  slight;  thus  Lamt's  J^bnnu!a  furnishes  a 
corresponding  proportion  of  the  thickness  of  metal  and  interior  radius  of  the  tube  the 
Talue: 

-  =  y  .-p         V    1 

The  tube  will  therefore  buret  fhxn  the  pressure  p,  as  soon  as  s  =  f  (and  of  coarse 
11=  I). 

This  formula  contains  this  most  important  result  for  practice,  that  there  eii^  for 
every  material  a  highest  amount  of  interior  pressure,  which  cannot  be  exceedcnl;  amd 
this  highest  amoutU  of  pressure^  at  which  the  gun  will  hurat^  however  great  may  be  its  thick- 
mat  of  metai^  ia  p  ^  /^  that  m,  equal  to  the  abaolute  resistance  of  the  tnetoL 
Supposing,  then,  the  absolute  resistance  of  f  to  bo— 

of  cast  iron 19000  lbs.  per  square  Inch, 

**  bronse  metal 34000    " 

"  cast  stool 120000    "        "  •♦ 

*  The  statement  in  the  English  Journals  of  November,  that  the  first  Mn.  gun  had 
burst,  is  contradicted  by  Mr.  Krupp*s  agent,  in  tlie  Times  of  November  30.  18C3. 
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tbe  i-iiL  wroaght-iron  gun,  built  on  the  Armstrong  plan,  and 
rifled  on  the  Whitworth  plan,  which  has  also  thrown  sheik 
tknmgfa  armor,  requires  repairs,  from  the  indentation  of  the  bore, 
after  less  than  30  rounds. 

M»J  <m:<-uUtifidt  Ui«  prpiwurv  of  oih'  atmoRphere  =15  lbs.  per  sqttare  inch,  a  gun  will 
cvru^T"  bur»i  wUt^n  the  interior  preMure  Uixunes  greater  than : 


vith  caai  iron 
"     kmmxe 


1901)0 

15 
340(K) 

15 


--  1 266  atmoapherM 
-z  2266 


caataieei  '^**^^  z^  8<K)0 
15 


f\  :>T«  .ri^  Lmbi-*i  rulr,  iiiipp(wittg  tlic  thickneaa  of  metal  to  be  given  as  b,  or  the 
propiirn.'  o  ' .  .t  riHiulu  for  the  greet4«et  tenjiion  ■,  per  square  incli,  which  the  metal 
hmm  :  ■  •  ••u.i*  uinler  tlie  interior  preesuro,  tlie  exprcssioii 


■=i'-i' 


•f  1 


.    + 1 


)•- 


A«m  wUrh.  the  ah«4tite  mustanoe  of  cast  steel  Mng  about  sis  timaa  as  greal  as  that 
sif  'a^l  »r^tk,  and  thrre  and  a  half  times  as  that  of  bronse  metal,  it  reaulta,  Ikai  wiik 
As  «0«r  dmmmitr  mtd  iktrkmem  of  inrio^  luA  uritk  (he  tamte  iuiertor  pnt^mre^  a  CAST- 
■ma  4'  1  ■wrrinils  a  «^/''y  oya^iMl  Urnntmtj  of  tit  Umn  ^rnUrr  iham  a  ca^vnm  ^im, 
mad  Arw  mU  «  kd/HmM  grmifr  (Man  a  hnmte  metal  7101. 

y  Ire   Mtaboe,  the  gun  shall  be  sub^actiMl  to  an  interior  pressure  of  1000  atmo- 
ti.aA  ts»  p    :  150<iO  pounds  per  square  inrlu  it  rssulU: 


Uwh  r-.  J)  (mllnlts) 
b  -  3r.  


b  -r  2r, 
h-    r. 

b  .  'r. 

2 

b  ..  «r. 

T 

bar,. 


8=            I 

\  -, 

i:;ooo 

lbs 

•  ■  ;:• 

=  ■ 

17IK)0 

« 

•'  \' 

-■ 

1HY50 

« 

•  :- 

-. 

35000 

M 

•  "■' 

'-. 

390t» 

W 

■','/' 

■-- 

113000 

u 

"■■'> 

►  = 

126000 

•• 
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137.  In  1857,  two  4*8S-in.  12-ponnder  smooth-bore  mnzzle-loiid- 
ers  were  put  to  extreme  test  in  Paris  ;*  it  was  impossible  to  burst 
them  or  to  injure  them  by  iiring.  In  a  former  trial,  an  experi- 
mental 12-pounder  of  this  manufacture  had  endured  1400  rounds 

WhiiOf  therefore,  a  cast-iron  gun,  strained  bf  an  interior  pressure  of  1000  atmo- 
spheres, eyen  with  an  infinitelf  great  thidcness  of  metal,  warrants  only  a  safet;f 

19000 

=  1*26  times,  bat  with  a  thickness  of  metal  b  =  3r  would  alreadv  be  burst; 

16000 

and  while  such  a  gun  of  bronze  metal,  with  an  influitely  great  thickness  of  metsl, 

34000 

warrants  a  safety =  2*26  times,  with  b  =  2r  a  1*82  times,  and  with  about 

15000 

b  =  _  r  would  be  burst,  a  caaUsUad  gun  warrants,  with  an  mflnitcly  great  thidAiaai 
8 

of  metal  a  safety  ?  .^^  =8  times,  and  even  with  b  =  2r  64  times,  with  b  =  r  4*9 
15000 

times,  and  even  with  b  =  --r  still  a  safety  three-fold,  and  would  not  be  burst  with  the 

small  thickness  of  metal  b  =-  .r  to  b  =_r. 

1  8 

As  the  interior  pressure  which  a  gun  has  to  stand  during  the  firing  may  often  reach 
or  surpass  1 000  atmospheres,  it  cannot  of  course  surprise  that  cast-iron  guns,  eren  of 
cast  iron  of  the  most  superior  quality,  the  resistance  of  which  is  greater  than  19000 
lbs.  per  square  inch,  Tery  often  burst,  and  that  also  bronze  metal  gunn  sre  not  so  often 
burst;  while  this  accident  is  not  to  be  apprehended  with  good  cast-8tecl  guns,  eirnn 
of  very  small  thickness  of  metal. 

For  other  apparatus  which  hare  to  sustain  as  high  pressures  as  guns  (sudk  aa,  tir 
instance,  the  cylinders  for  hydraulic  pressesK  Dr.  SchefBer  obserres,  in  his  pamphtot, 
that  cast  steel  is  invsluable,  as  its  greater  natural  resistance  cannot  be  equalled  by  any 
increase  of  the  thickness  of  the  less  re&.i8tible  metals.    (See  also  Table  XVI 11.) 

*  The  following  account  of  the  experiment  is  extracted  fVom  the  Report  of  the  Sec- 
retary of  the  Committee  of  Artillery,  dated  Paris,  July  12, 1857.  A  similar  12-poander, 
made  by  Hr.  Krupp,  had  been  preriously  tested  with  the  following  results :  It  **  was 
fired  1400  times  with  the  seryice  charge  (about  2^  or  4*4  IhaX  ^^  times  with  the 
charge  of  \\  500  (3*3  lbs.),  and  1000  times  with  tlie  charge  of  \\  400  (3  lbs.);  in  all, 
3000  discharges,  which  it  resisted  perfectly.  A  veriflcation,  made  by  the  star-gaugsi, 
demonstrated  t)mt  the  piece  had  not  sufl^ered  the  least  iigury;  no  alteration  was  found 
either  in  the  boro  or  in  the  external  form.  It  has  not  been  tlie  Kime  with  the  rent, 
which  at  first  consisted  of  a  simple  hole  pierced  in  the  metal  of  the  plinx*  .*  after  ftOO 
discharges  the  hole  was  considerably  enlarged;  it  was  strongly  cnk^>kc«l,  and  furrowed 
with  longitudinal  slits,  which  were  enlarged  more  and  more  at  each  fin\  The  great- 
est diameter  of  its  exterior  orifice  was  15  to  16  millimetres  ( ,^  iit),  instead  of  5  mil.  6. 
(4*1  in.),  its  original  diameter.  .V  new  vent  was  substituted,  pierced  in  a  rylintier  of 
cast  steel  incased  in  a  cylinder  of  copper,  screwed  to  the  piece;  but  this  vent  did  not 
endure  better  than  the  flret;  it  was  unserviceable  after  600  firest  and  replaoedby  n 

(See  page  98.) 
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(JTr.  Kntff*9  Cirmittr— eonliiiiMrf  ) 

Taiu  XVllL^AprwniiATB  PBoroKnom  or  DtMmoim,  Wbohtb,  aitd  Pucn 
or  Cbtit's  Aolio  Cast-Stssl  Bu)ck8  axd  or  (Irirs  Pimuhbo  avd  Ritlid, 

10    BS    LOABBD    raOM    THB    h^MMCVL    OS    UmOA   AWt'lflXO   THAT   TUB    GKNUUL 

(\Mrrocm  or  thb  Gcsrs  n  Ctuitimucal,  Goxical,  Plain,  axu  withoct  Mould- 

OUA  <NI  RBUBTflL 

•»•  !•  fivlat  <ii<*n  far  flablM^  miAi.  ih^  ap^rUl  proportlofi^  pwtleolariy  the  aombfr  aol  fom 
W  rti»  fro»«r^  oivil  h»  rxprvMir  prracHbrd,  m  the  pfoprlvtor  of  lb*  work*  is  ool  MilborisMi  to 
r  l»4nwilmUy  Ia  oUmt  r»vtmin«BU  Ui'  vftrio«u  Ibrou  Md  euMtmclioot  of  wbloh  b« 
I  tW  kMivkKdf*  Ihrovfh  M|>tflylttc  hi*  oMt  tlwl  fttaa, 
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with  4-4  lbs.  of  powder,  600  with  8*3  lbs.,  and  1000  with  3  lbs., 
without  alteration.  It  afterwards  burst  at  the  4th  round,  with  2 
baDs  and  6*6  lbs.  of  powder.  The  two  guns  referred  to  were  fired 
3000  times  each  with  8  lbs.  of  powder  and  one  ball.  One  of  them 
was  then  fired  at  and  indented,  and  finally  broken  to  pieces.  The 
other  was  fired  20  rounds  with  6-6  lbs.  of  powder  and  2  balls,  10 
rounds  with  6*6  lbs.  and  3  balls,  and  6  rounds  with  13'2  lbs.  and  6 
balls.  Neither  of  the  guns  was  altered  in  the  slightest  degree  by 
all  these  rounds ;  and  it  was  determined  not  to  burst  the  one  that 
remained  whole. 


Tablb  XIX. — PBOor  or  Krupp*8  UO-Porxon  Rnru.    Boat  7  ix.    Woolwich, 

Feb.,  1863. 


Naof 

Wdght  of  eban^ 

Weight  of  shoL 

lUiMrkt. 

I 

i8    lbs.  15  OS. 

110  lbs. 

•«  Developing  round.'* 

a 

i7i  Ibt. 

IIO    " 

«  Proof  roandt.** 

4 

iS    lb«.  15  OS. 

no  •• 

«« Developing  charge.** 

lO 

14    lbs. 

no  *« 

lO 

14    Ibt. 

200  " 

lO 

14    lbs. 

300  « 

lO 

14    Ibt. 

400  «« 

100  rounds  **  Dcttroctive  proof.** 

lO 

lo 

lO 

14    lbs. 
14    Ibt. 
14    Ibt. 

500  «• 
600  " 

700  «« 

The  projcctilct  were  cylinden  witli 
'     leaded  base  to  uke  the  rifling. 

Length  of  cvlinder,  last  lo  rooads, 
S  ft.  9|  in. 

lO 

14    Ibt. 

800  «« 

lO 

14    Ibt. 

900  •« 

lO 

14    Ibt. 

1000  «« 

' 

Thej 

^n  was  not  injuj 

red  in  the  above  proof. 

rent  pieroed  in  a  cylinder  of  ordinary  copper,  like  that  used  for  bronze  cannoiL   This 
resisted  perfectly  until  the  end  of  the  experiments,  and  was  still  fit  for  serrtoe  when 
the  gun  was  caused  to  burst 
To  study  the  extreme  limHs  of  resistance  of  the  cast-stccl  gun,  it  was  necessary 

(See  page  100.) 
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XX^^Pboot  or  KBUPr*8  tO-PonvDcm  Rirui.    Bou  3*16  m.    Woolwicii, 
Scrr.  AVD  NOT^  186i. 


^f^  1    WHckt  .r  ckvfa 

w«i«bt«rtbot 

UtnmhLM. 
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}    lU.  toot. 

solW. 

t     1 

$    lU. 

so  •• 

4       1 

1    tti.  looa. 

so  •« 

^  Dcvdopiag  nmaat.*' 
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1 
to 

41W. 
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to 
to 

lao  •• 
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s  tu. 

60  •* 
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S    Ibt. 
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S    lU. 
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J    lU. 
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S    A*. 

aoo  ••      j 
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1 

TIm  gun  wu  not  injured  in  tlie  alKire  proo£    The  enlaigement 
of  the  chamber  wee  '12  inchee. 
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Tablb  XXL— Proov  or  Kbcpp's  40-Pouxdbr  Riflb.    Bou  4*76  nr.    Woolww^ 

FkB.,   1863. 


Kaof 
roaDdi. 

Weight  of  cbwge. 

W«l«bt  of  .hot 

Rcmwk.. 

1 

6  Ibt.  1%  ot. 

40  lb.. 

"  Developing  nmnd.'* 

I 

lOlbt. 

40   «« 

"Proof  round.." 

4 

6  lb«.  ts  Of. 

40  « 

"  Developing  roondi.** 

lO 

5  Ibt. 

40   " 

- 

lO 

5  1b.. 

80   «• 

lO 

Sib.. 

lao  «« 

lO 

5  lb.. 

160  " 

100  roand.  "  Dctructive  proof.** 

lO 
lO 
lO 

Sib.. 
Sib.. 
Sib.. 

aoo  «• 
S40  ** 
s8o  « 

The  projectile,  were  cylinders  with  a 
'     leaded  baM  to  uke  the  rifling. 

Length  of  cylinder,  Uat  10  rooada, 

7  ft.  7  in. 

lO 

siu. 

310  " 

lO 

Sib.. 

360  «« 

lO 

Sib.. 

400  •« 

' 

Tlie  gun  was  not  injured  in  the  above  proof. 

to  fire  20  charges  of  3k  (6-6  lbs.)  with  2  balls.  The  piece  resisted  very  well  the  flrat 
three  fires,  showing  no  wear  nor  the  least  fissure  that  could  indicate  an  approaching 
nipture ;  but  at  the  fourth  fire  it  burst  into  a  great  number  of  pieces,  several  of  whi«^ 
were  thrown  to  a  disUnce  of  160  metres  (500  feet),  and  nearly  all  were  foand. 

Two  other  guns  of  the  same  (121  millimetres,  or  4*84  in.)  calibre  weie  delirered 
rough  forged,  and  finished  at  Strasburg,  to  the  interior  and  exterior  dimensions  of  a 
12-poimder.  The  star-gauge  showed  a  variation  in  the  bore  of  only  1^  of  a  miUimetrc. 
''The  weight  of  the  pieces  was  about  the  same — 561^  (1213*2  Iba.)  for  one,  and 
650k  (1210  lbs.)  for  the  other." 

KXPBBIUENTS.  FirH  Sffies. — **  The  two  pieces,  placed  on  light  1 2-poander  carriages 
with  strengthened  cheeks,  were  put  in  battery  nt  COO  metres  (19G8  feet)  (Vom  the  tar- 
gt>t.  They  were  aimed  poiut-blank,  and  fired  each  3000  times  with  I  MOO  (3  Ibe.)  of 
powder.  The  weight  of  the  charges  was  verified,  as  well  as  the  moan  range  of  the 
powder,  which  was  225  metres  (737  foot).  The  trials  were  made  twice  each  day; 
and  at  c-adi  trial  each  piece  was  fired  fifty  times.  Alter  each  trial,  the  pieces  being 
fipongiMl  and  cleaned  as  well  as  possible,  an  examination  was  made  of  the  state  of  the 
vent^  that  of  the  pieces,  and  the  damage  sustained  by  the  carriages. 

*'  llie  pieces  suflbred  a  considerable  recoil,  which  was  limited  by  mean^  of  (bsctnci 
placed  in  the  direction  of  the  recoil    There  was  alio  a  great  pounding  of  the  breadi 
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upon  the  sighting-screw ;  and  to  this  maj  be  ascribed  the  breakage  of  seTeral  screws, 
which  had  to  be  repbioed  during  the  trials.  This  pounding  was  due  to  the  too  slight 
preponderance  of  the  breech  relative  to  the  12-lb.  balls  which  wore  fired.  After  200 
discharges  of  each  piece  they  were  examined  anew  by  means  of  the  star-gauge,  and 
each  examination  showed  that  the  bore  had  not  suffered  any  injury.  The  Btate  of  the 
vents  was  also  perfect  The  carriages  did  not  begin  to  fail  until  after  500  discharges. 
That  of  No.  1  having  had  its  trail  broken,  it  was  removed,  and  replaced  by  one  nearly 
new.  The  firing  was  continued  during  the  following  trials  without  any  result  requir- 
ing particular  notice.  Eacli  piece  was  examined  after  each  series  of  200  discharges ; 
and  each  examination  showed  an  absolute  resistance  of  the  steel ;  for  it  was  impos- 
sible to  discover  the  least  alteration,  either  with  the  naked  eye  or  with  the  aid 
of  the  star-gauge ;  the  bore  remained  always  polished,  and  resumed  its  brightness 
when  sufficiently  cleaned.  *  *  *  *  In  this  way  1400  rounds  were  fired  with  the  same 
powder  without  producing  the  least  alteration  in  the  pieces.  *  *  *  In  the  following 
trials  there  were  no  injuries  except  to  the  carriages,  some  of  which  were  so  great 
as  to  put  these  carriages  out  of  service,  and  it  was  necessary  to  replace  them.  *  *  * 
The  firing  was  continued  to  the  end  without  producing  the  least  alteration  in  the  in- 
terior or  exterior  of  the  two  pieces.  When  they  had  been  fired  3000  times  each,  they 
were  examined  by  the  star-gauge.  A  comparison  of  the  interior  diameters  found  by 
this  test  with  the  measures  taken  before  the  trials,  showed  but  an  inappreciable  differ- 
enoe;  the  calibre  remained  121  millimetres  (4*84  inches)  through  the  wliole  length  of 
the  bore;  end  the  difference  detected  by  the  instrument,  '2  of  a  millimetre  at  most,  is 
so  small  tliat  it  may  be  said,  without  error,  that  after  the  firing  the  bores  of  the  two 
pieces  were  identically  the  same  as  they  were  before  its  commencement 

"  This  first  series  of  tests  is  therefore  altogether  favorable  to  cast  steel,  and  demon- 
strates its  absolute  resistance  to  the  diverse  causes  of  degradation  of  the  bore  in  ordi- 
nary firing. 

''Second  Series. — ^This  series  was  for  the  purpose  of  ascertaining  if  cast  steel  would 
resist  the  enemy's  shot  as  well  as  bronze  does.  The  gun  No.  2  was  fired  at  by  a  12- 
pounder  field-gun  with  the  ordinary  service  charge.  It  was  placed  horizontally  upon 
blocks  at  a  distance  of  about  100  metres  (328  feet),  with  its  muzzle  turned  towards 
the  gun  which  was  to  fire  at  it,  the  axes  of  the  two  pieces  being  in  the  same  vertical 
plane.  *  *  •  The  first  shot  struck  on  the  muzzle,  knocking  off  a  piece  about  a  quarter 
of  the  circumference,  and  battering  inward  a  burr  to  the  extent  of  nearly  an  inch, 
which  would  prevent  the  insertion  of  a  balL  The  effect  would  have  been  the  same  on 
a  bronze  gun.  The  second  ball  hit  exactly  in  the  same  place,  increasing  the  effect  of 
the  first,  and,  in  addition,  producing  deep  irregular  fissures  all  around  the  muzzle,  ex- 
tending to  the  neck.  The  piece  was  then  placed  so  that  the  tnmnions  were  vertical ; 
one  of  them  was  struck  fairly  and  knocked  off  by  the  balL  It  would  liave  been  the 
same  with  a  bronze  trunnion.  The  shot  having  struck  fairly,  the  shock  caused  the 
muzzle  if*  fall  off,  the  fissures  having  nearly  detached  it 

"The  gun  was  then  placed  across  the  line  of  fire,  and  re-  Fm.  72. 

ceived  five  balls  in  its  broadside.  These  balls  all  struck  fairly, 
and  prodooed  indentations  of  about  a  third  of  the  diameter 
of  the  ball  in  depth  (Fig.  72),  and  ragged  projections  inside  the 
bore.  ♦  •  *  On  examining  closely  the  fragments,  it  was 
seen  that  the  fracture  presented  everywhere  a  fine  grain,  quite 
homogeneoufi,  and  of  a  regular  brilliant  and  saocharoid  crys- 
tallization. In  the  open  air  the  fractured  surfaces  oxydized, 
but  much  zDore  slowly  than  the  surfaces  of  wrought  or  cast 

(See  page  103.) 
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Krupp'8  gun  (Fio.  73)  after  fractnre. 

138.  Fig.  73  represents  aa 
8-in.  gun  designed  for  a  68- 
pounder,  and  mounted  in  a 
cast-iron  jacket.  The  jacket 
did  not  touch  the  chamber  nor 
impart  any  strength  to  it,  but 
was  added  for  weight.  The 
walls  were  from  4  to  4^  ia. 
thick.  The  gun  wa^  burst  at 
Woolwich,  with  26  llw.  of  pow- 
der and  a  259-lb.  fe^hi>t 

Fig.  74  explains  the  cause 
of  the  disaster.  The  shot  had 
a  wrought-iron  ring,  y-6ha{ied 
in  section,  fitted  upon  its  end. 
When  the  explotdon  uf  the 
powder  took  ])lace,  this  ring 
was  broken,  and  was  forced 
ahmg  the  l)ody  of  tlie  sliot, 
cutting  np  the  cast  inm  to  the 
extent  of  fn>m  6  to  8  inches. 
The  pieces  of  the  shot  thus  cut 
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oC  toipadier  with  the  broken  ring^  completely  wedged  the  shot 
into  the  gun  at  the  point  shown.  The  shot  was  not  forced  out  of 
the  gun,  bot  was  carried,  with  the  muzzle,  to  the  proof-butt,  and 
was  here  jerked  out  of  the  broken  end  and  thrown  some  distance 
furwanL*  Tlie  steel  was  afterwards  found  to  have  a  tensile 
strength  t»f  72<N)U  lbs.  per  square  inch. 

I^9«  A  12-iH>under,  sent  by  Mr.  Krupp  to  Woolwich  for  test, 
was  fille«l  to  the  muzzle  with  ]>owder,  shot,  and  broken  shells,  but 
cipuld  not  be  burst,  and  was  returned  with  the  cascable  knocked  off, 
the  gun  having  been  thrown  high  in  the  air  by  the  force  of  the 
expl<»ion«t 

14#.  Mr.  Krupp  expn>tie:A  his  readiness  to  fabricate  13  or  15- 
inch  guns,  and  states  tlmt  there  are  now  no  mechanical  difficulties  in 

■««  •  •  •  •p,i«  |iM«oad  »riet  Ui«*rffure  prove*  that  cti»t  »tet*l  ia  neitlier  better  nor 
■iw>  tfaaa  br««BP,  but  it  nucfa  htiWr  than  ca»i  iron  to  withHUDd  tbr  effect  oT  shot 

-  Ai'  i  »s^r^a. — To  flnd  the  extrrme  HmU  of  rMifltance  of  cMt-sioel  cbodoQi  Ko.  1 
wm  t««lfed  iiith<*itr»ch»rg««,  ia  tin*  fuliowinif  pnigressicm : 

»  rcMiaa*  with  »  (  ••«  Ibti)  pfradrr  aad  t  UUii 

ft       •         -     •  0»"«  "  )       •         -    6    - 

■arj  :  «M  ibiMMled  to  cnnttana  the  flnnjc  until  it  burstcd,  iMing  13^  (26*4  Ibti.)  pow- 
Ar*  a»J  ■•  many  balU  as  th4»  laurel  would  admit 

'  Ar«  *  rac-fa  Sfi  tlie  atata  of  tba  bt>rv  and  of  tl>a  exterior  aurfaoo  were  exainbiad: 
t^  •^•t  « iih  thr  aur-fattire  aAer  the  '.'0  flr«*i  »)iowed  that  the  bore  waa  oninjured. 
}\  u«  ttrtt  tn*l  ](*  rwxmU  with  .1  Itallft.  iIh*  irun  ro(ii«ted  perfectly;  onlja  alight  en* 
jrai  — at  *4  tha  vaot  waa  olMifrre<l.  Fioally.  ft  rrmiida  with  6  balla  were  flrvd;  the 
puw  ji  r  «^«nipTiiif  *^o  cTDtimetrra  (32  in.) </  tlu?  Uire,  and  the  balla  oorupying  10  can* 
t,m0U99  «.«.&!.  ail  t'^t  the*  iMtre  was  flll<*d  within  .:o  c^>ntin»etn<a  (I'i  in.)  with  pow- 
4»r  wmd  balU.  The  eipk»«  en  pnxluoHl  hf  thf>«<*  fln*4  m.m  enormotiji:  the  balla 
feaviaa  agajwl  each  other  ia  a  tu'HiMiid  piecca;  and  iIm*  recoil  of  tlie  ipin  waa  arrrated 
«a.'  ■  'k  t .  iT^rtiicude  cooatriMn  U  .a  th>>  n<ar:  and  tlio  t:ua  wa«  buried  lb  the  frouod 
an  di«;**  I'.it  $r^Ai  Ulior  wa4  rc<{<im*d  t-i  p't  it  otjt,  and  rrplooe  it  on  tlio  timbcn 
ilWr  9^L  Srv.  The  ic«in  waa  afr«in  eiainine<l  a(ti*r  tlie  Are  ahot«.  and  fnun-l  to  liave 
f«B.«lf<l  prrf.<-t:i,  the  irtjfr  not  l^i^inff  «afffr«*il  the  h^nt  U<*terM»rati(in 

!*•«  ^rataima  wtre  made  to  Sro  wtiU  U*»  (JC  I  Um.  )  |iowdor  and  nn  inanr  lialU  q« 
psM  '^  wh*«  aa  order  wa«  n^oeired  to  at^^p  tin*  t(*«t  and  not  to  burnt  tLf  |;un:  it 
«uu«t  u  fjrt  have  boea  a  muifjrtamt  ti  dr«tr<>jr  a  pioo*  that  IiaiI  m>  wt-U  lN>foe  thcac 
^  «*^*  *•  •'• 

T*>    »•  ••  t  mairlndea  by  reoua<n<*n4l.ii)(  a  aub<ititutJoo  ufcaat  ate*  1  fir  htm/r,  mijh  . 

•  \  •-il«f  •niii'ttt  <«'«-urred  to  ««•»  »f  Mr.  Loofrhdge'a  wireUMii»»l  inin«,  ku4iwn 
ta  ba  »t.'^«»rfetf  atmoir     (t3V> 

f  -  CjM«fBrtaua  <if  ArtiUery/'  last  C  K.,  lfl<*«0. 
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the  way.  Tlie  breech  of  muzzle-loaders  of  any  size  would  be  left 
solid,  as  the  gun  would  be  forged  in  the  shape  of  a  cylinder,  and 
bored  out.  It  may  be  remarked,  that  the  weight  of  forged  masses 
of  a  given  quality  has  been  increased  nearly  10  times  within  a  de- 
cade. Mr.  Krnpp  sent  a  5000-lb.  block  to  the  Exhibition  of  1851, 
and  one  of  above  44000  lbs.  to  the  Exhibition  of  1862. 

141.  Bessemer  Steel  Govs. — ^The  Bessemer  process  of  making 
steel  direct  from  the  ore,  or  from  pig-iron,  promises  to  ameliorate 
the  whole  subject  of  Ordnance  and  engineering  construction  in 
general,  both  as  to  quality  and  cost.  This  product  has  not  yet 
been  used  for  guns  to  any  great  extent,  although  Mr.  Krnpp,  the 
leading  steel  maker,  has  introduced  it.  Captain  Blakel}'  and  Mr. 
Whit  worth  have  also  experimented  with  it,  and  expressed  their  faith 
in  its  ultimate  adoption.  Messrs.  John  Brown  &  Co.,  Sheffield, 
have  made  over  100  gnn-forgings,  some  of  them  weighing  ab^ive 
3  tons,  from  solid  ingots  of  this  steel.  During  the  present  year, 
their  production  of  Bessemer  steel  will  exceed  400  tons  i>er  week. 
With  the  tM'o  new  converting  vessels  then  in  operation,  swlid  ingots 
of  20  tons  weight  can  be  fabricated.  A  large  establishment  about 
to  be  started  in  London,  with  a  50-ton  hammer,  and  a  capacity 
to  pour  30-ton  ingots,  will  afford  the  best  possible  facilities  for  the 
development  of  this  process. 

143.  The  pig-iron  is  run  into  a  converting  vessel,  where  it 
receives  a  blast  of  air  for  15  or  20  minutes,  to  burn  out  the  car- 
bon and  silicium.  It  is  then  cast  into  an  ingot,  which  is  heated 
and  forged  into  a  gun.* 

143.  The  piece  shown  at  Fig.  75  was  made  for  the  Belgian 
Government,  quite  early  in  Mr.  Bessemer^s  practice.  Its  dimen- 
sions were:  length  of  bore,  7  feet;  diameter  of  bore,  4-75  in.; 
maximum  diameter,  9*5  in.;  thickness  of  walls,  2'37  in.;  weight, 
1070  lbs. — a  very  light  gun.  The  test  was  S  rounds  with  2  spheri- 
cal shot,  3  rounds  with  3  shot,  3  rounds  with  4  sliot,  3  nmnds  with 
5  shot,  3  rounds  with  6  shot,  3  rounds  with  7  shot,  and  L'  n»unds 
with  8  shot,  the  powder  being  2*2  lbs.  in  each  case,  when  the  gun 

*  See  chapter  on  **  Cannon  Heula— SteeL** 
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broke  in  the  chase,  39  inches  from  the  muzzle,  from 
the  wedging  of  the  shot.  There  was  no  alteration  in 
the  chamber. 

143.  Among  the  Bessemer  forgings  in  the  Great 
Exhibition  of  1862,  was  '^  a  24-pounder  steel  gun  in 
the  rough,  with  the  trunnions  formed  upon  it.  This 
gan  is  the  92d  made  by  Messrs.  Henry  Bessemer 
&  Co.  ;"*  also,  "  a  24-pounder  steel  gun,  bored  and 
finished  by  Messrs.  Fawcett,  Preston,  &  Co.,  of  Liver- 
pool, for  whom  a  dozen  of  the  same  size  are  in  the 
course  of  being  forged."* 

144.  The  present  English  prices  for  Bessemer 
gan-steel  are,  for  a  plain  1-ton  forging,  9  cents  per 
lb. ;  for  the  same,  with  trunnions  forged  on,  1 1  cents ; 
for  a  3  to  5-ton  ingot,  forged  into  a  cylinder,  11  to 
13  cents. 

145.  IVaylor,  Ticker*,  &  €o.'«  Steel  Gan* 
Forgtns** — ^^  ^®  establishment  of  Messrs.  Naylor, 
Vickers,  &  Co.,  Sheffield,  low  steel  of  a  very  superior 
quality  is  made  in  ingots  as  heavy  as  5  tons  weight. 
In  new  works,  to  be  in  operation  in  1864,  ingots  and 
forgings  weighing  10  tons  will  be  produced. 

146.  The  following  is  from  the  official  account 
of  the  trial  of  a  20-pounder  (3-75  in.)  gun  of  1832 
lbs.  weight,  rifled  with  44  grooves,  made  from  a  forging 
of  this  steel: — "The  Committee  have'the  honor  to 
report  that  the  cast-steel  block  ordered  from  Messrs. 
Xaylor  &  Vickers,  of  Sheffield,  in  December,  1859,  but  not 
delivered  till  July,  1862,  has  been  duly  converted  into  a  20- 
pounder  Armstrong  gun  in  the  Boyal  Gun  Factory,  and  has 
resisted  100  rounds  iired  with  the  service  charge  of  2^  lbs.,  and 
cylinders  increasing  in  weight  every  10th  round  from  20  lbs.  to 
200  lbs.  The  last  10  cylinders  of  200  lbs.  were  71.5  inclies  long, 
or  only  14*125  inches  less  than  the  length  of  the  bore.    The  block 


A 


BcBHemer 
steel  gun. 


*  London  Engineer,  Maj  2,  1862. 
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having  been  delivered  without  trannionfly  a  trunnion-coil  was 
shrunk  on  in  the  Royal  Oun  Factories,  and  confined  hj  a 
wrought'iron  coil  14.5  inches  long  in  front,  corresponding  to  the 
3  B  coil  of  an  ordinary  gun,  to  which,  in  other  respects,  it  corre- 
sponded in  dimensions. 

"  The  gun  is  still  serviceable,  and  not  perceptibly  affected  by 
the  firing.  It  required  rebouching  at  the  40th  round,  and  there 
was  at  different  periods  of  the  proof  a  very  considerable  escape  of 
gas,  arising  from  the  wear  of  the  copper  rings  on  the  gun  and  on 
the  vent-pieces.* 

'^  The  Committee  have  to  report  that  the  20-pounder  Armstrong 
gun  (exptl.),  made  in  a  block  of  cast  steel  supplied  by  Me^ssrs. 
l^aylor  &  Yickers,  has  completed  the  second  series  of  proof  rounds, 
and  is  still  entire.  This  series  consisted  of  10  rounds  with  double 
charge  and  service  shot,  and  27  rounds  with  double  chaise,  and 
cylinders  increasing  every  third  round  from  the  weight  of  2  shot 
up  to  10  shot — total,  37  rounds,  or,  including  the  trial  previously 
reported,  137  rounds ;  the  only  effect  upon  the  gun  itself  is,  that 
the  powder  and  shot  chambers  have  expanded  a  little  (about 
0-008  inch).     The  bore  is  free  from  flaws."t 

147*  MusHET  AND  Clase^s  20-Pound£r.  —  This  gun,  con* 
structed  and  rifled  like  the  above,  was  subjected  to  extreme  proof, 
but  did  not  endure  the  100  rounds. 

148.  Mersey  Puddled-Steel  Gun. — An  8-in.  gun  of  7  tons 
weight  was  forged  at  the  Mersey  Works,  from  puddled  steel,  for 
Mr.  Lynall  Thomas.  It  burst  after  a  few  rounds,  with  a  145-lb. 
shot  and  a  25- lb.  charge. 

Section  IV.     Cast-Ibon  Guns-J 

149«  Rodman  and  Daklgren  Gnns. — Although  the  United 
States  Government  has  made  little  progress  in  the  adaptation  of 

^  Report  of  the  OrdnaDce  Select  CommUtee,  Dec.  10,  1862. 

f  Report  of  the  Ordnance  Select  Committee,  Majr  13.  1863. 

X  Some  factft  about  the  enduranoe  of  cast-iron  fruns  are  ((iveo  in  a  note  under  the 
head  of  cast  iron  (357)-  A  l2-iDch  fpin,  cast  for  Commodore  Stockton  alter  the  failure 
of  the  Princeton* s  wrought-iron  gun  (4s6),  burst  after  a  few  fires,  with  25  lbs.  of 
powder. 


Cast-Ikon  Guns. 


107 


1/ 


V- 


I 


.) 


i 


f 


wrought  iron   and  steel  to   cannon-mak-  ^o-  '^ 

ing,  it  had  certainly  attained  to  a  remark- 
able degree  of  perfection  in  the  figure, 
material,  and  fabrication  of  its  cast-iron 
guns.  While  constructors  in  Europe  have 
carefiiUy  preserved  the  traditional  shapes 
and  ornamentation  of  early  times — shapes 
that  once  had  a  significance,  but  are  now 
only  sonrces  of  weakness  —  the  aim  in 
America  has  been  to  ascertain  the  exact 
amount  and  locality  of  strain^  and  to  pro- 
portion the  parts  with  this  reference,  to 
the  entire  abandonment  of  whatever  is 
merely  fanciful  and  traditional.* 

The  consequent  saving  of  weight  with  a 
given  strength  at  the  point  of  maximum 
strain,  is  well  illustrated  by  placing  a  sec- 
tion of  the  British  8-in.  gun  (68-pounder) 
over  that  of  the  United  States  army  8- inch 
oolumbiad.  Fig.  76. 

ISO.  Equal  attention  has  been  paid  to 
the  selection  and  treatment  of  the  mate- 
rial. The  best  American  iron  is  admitted 
by  English  authorities  to  be  su])erior  to 
the  best  English:  a  good  quality  of  iron 
for  cannon  is  certainly  the  more  abundant 
in  America  (355). 

ItSl,  Major  Rodman's  process  of  cast- 
ing guns  hollow  and  cooling  them  from 
within  (373),  for  the  purpose  of  modifying 
the  initial  strains,  when  added  to  the  ad- 
vantages of  good  proportion  and  strong 
material,  produces  nearly  or  quite  the  best 
result  attainable  with  simple  cast  iron. 
But  the  tension  of  this  material  at  its  elastic  limit  is  so  low  (352), 
that  it  will  not  alone  endure  the  j^ressure  necessary  to  give  the 
♦  See  foot  note  under  T  236. 


■t 


Section  of  British  8-in.  (68t 
pdr.)  laid  over  section  of 
U.  S.  8-in.  Colurabiad. 
Scale,  i^  in.  to  1  ft 
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highest  velocities  to  the  heavy  projectiles  demanded  by  iron-clad 
warfare. 

159*  Considering,  however,  the  failure  of  such  a  large  propor- 
tion of  the  heavy  wroughtiron  guns  (425,  426,  444  to  446), both 
built-up  and  solid,  and  the  present  scarcity  and  enormous  cost  of 
steel  masses  of  the  proper  quality,  it  is  by  no  means  certain  that 
the  cast-iron  barrel  lined  with  steel,  or  as  so  largely  and  suoceas- 
fully  used  in  America,  France,  and  Spain,  strengthened  by  hoops, 
is  not  the  best  temporary  resort. 

153.  Hollow  casting,  the  most  obvious  means  of  improvement, 
is  not  deemed  important  for  heavy  ordnance  aloTie.  The  4-2-inch 
rifled  United  States  siege-gun  is  cast  hollow  and  cooled  fn>m  with* 
in.  Indeed,  the  advantages  of  the  process  can  be  better  realized 
in  the  8  or  10-inch  barrel  cast  for  hooping,  than  in  the  15-inch 
columbiad. 

1 34.  Hollow-Cast  Gniis. — ^All  United  States  army  gims  down 
to  4*2  in.  bore  are  hollow-cast.  The  20-inch,  15-inch,  and  the  suc- 
cessful 13-inch  navy  guns  have  been  cast  hollow.  Recently,  many 
of  the  chief  oflScers  of  this  department  have  strongly  recommended 
hollow  casting  for  all  navy  guns,  and  have  begun  to  practise  it  in 
the  construction  of  10  and  11-inch  guns. 

The  following  abstract  of  official  reports*  will  explain  the  con- 
duct and  results  of  the  hollow-casting  process.  Its  merits  and 
pot^ible  improvements  are  discussed  in  a  succeeding  chajitert  ( 373). 

On  the  4th  of  August,  1849,  two  8-inch  columbiads  were  cast  at 
the  Fort  Pitt  Works,  from  the  same  iron.     Ko.  1  was  cast  m>lid,  in 


*  "ReporU  of  Experiments  od  Metals  for  Cannon."  1856. 

f  It  is  officially  sUted  that  tlio  experimental  noUd-rtu^t  13-in.  guns  for  the  narr  hare 
all  burst  at  proof.  The  tettt  pn'Hcribed  was  r>00  rounds  with  service  charf^^s.  One 
of  the  hollow-cast  IS-in.  puns  fired  700  rounds. 

The  Scientific  Anunicnn  (fives  the  followinj?  account  of  the  tost  of  one  of  the  htALnc- 
eoAt  i:J-in,  guns: — "The  Wst  applie<i  was  30  ilia,  of  powder  for  the  first  10  rounds, 
40  lbs.  for  the  second  10  rounds,  and  50  Ibii.  for  the  remaining  158  rounds.  The 
powder  employed  was  much  finer  than  is  uwd  in  the  «ervii«,  and,  of  coumc.  its  ex- 
plosive power  was  proportionately  greater  The  gun  hurst  at  the  17Mh  round."  The 
weight  of  the  sliot  was  280  lbs. 

Of  two  BritiJ'h  IS-in.  mortan«,  one  oast  hollow  stood  2000  rounds  witliout  bursting, 
while  one  cast  solid  burst  at  the  533d  round. 
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V.  8.  Army   lo-in.  Golum- 
biad.     ScaV  i^  in.  to  1  ft 


the  usual  manner;  No.  2  was 
cast  on  a  hollow  core,  through 
which  a  stream  of  water  passed  / 
while  the  metal  was  cooling. ' 
The  iron  for  both  castings  was 
melted  at  the  same  time  in  two 
air  furnaces,  each  containing 
14000  lbs.  After  melting,  the 
liquid  iron  remained  in  the  fur 
naces,  exposed  to  a  high  heat, 
I  for  one  hour;  it  was  then  dis- 
^  charged  into  a  common  reser- 
voir, whence  it  issued  in  a  sin- 
gle stream,  which,  after  pro- 
ceeding a  few  feet,  separated 
into  two  branches,  one  leading 
to  each  mould. 

ISS.  The  solid  casting  was 
cooled  as  usual,  in  an  open  pit. 
'^  The  hollow  casting  was  cooled, 
in  the  interior,  by  passing  a 
stream  of  water  through  the 
core,  for  a  period  of  40  hours, 
when  the  core  was  withdrawn ; 
after  which  the  water  passed 
through  the  interior  cavity 
formed   by  the    core,  for    20 


Fio.  80. 


hours.     The  average  quantity  ^;J^^^^ 


of  water  passed  through  during  tm  in.  lo  i  ft 
the  whole  period  was  1*66  cubic  feet  per  minute,  or  100  feet  per 
hour;  making  in  all  COOO  cubic  feet,  weighing  187  tons.  The 
temperature  of  the  water  was  increased  20®  during  the  first 
hour;  13®  during  the  20th  hour;  8®  during  the  40th  hour;  and 
8®  during  the  60th  and  last  hour.  The  weight  of  the  water 
passed  through  is  30  times  the  weight  of  the  casting ;  and  the 
heat  imparted  by  the  casting  to  the  water,  and  carried  off  by  the 
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Tm.%\. 


Fro.  81 


r.  K  Smrf  IS4B.  irni.    BciK  ^ 
te.  tol  ft 


Soiiv,  ,-4  tn.  ii»  1  ft 


r,  H  cqaal  to  10"*  on  the  whole  qiiaotity  of  water  uih*<1.    The 
■H/old  Cjt  thk  caiting  wm  pUoed  in  a  covered  pit,  wliich  had 
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been  previously  heated  to  about  400'' ;  and  this  heat  was  kept  up 
as  long  as  the  stream  of  water  was  supplied.     Both  columbiad:! 
Fio.  83.  were  completed  and  inspected   Septem- 

ber 6th,  and  were  found  to  be  accurate 
and  uniform  in  their  dimensions  and 
weights." 


A 


ItSA.  The  charges  used  in  testing  the 
guns  were  as  follows ; — 

Proof  Chaboes. 

lit  fire,  II  lbs.  powder,  i  ball,  and  i  wad. 
id  fire,  15  lbs.  powder,  i  shell,  and  i  saboc 


Sebvicb  Chaboes. 

10  lbs.  powder,  i  ball,  and  i  saboc. 
Mean  weight  of  balls  used,  63  j  lbs. 
Mean  weight  of  shells  used,  49  lbs. 
Mean  proof  range  of  powder  used,  298  yards. 


The  guns  were  fired  alternately,  up  to 
the  85th  fire,  at  which  columbiad  No.  1, 
cast  solid,  burst.  Then  the  proof  pro- 
ceeded with  No.  2,  which  burst  at  the 
251st  fire,  having  endured  nearly  8  time^ 
as  much  service  as  the  other. 

IS7.  On  the  80th  of  July,  1851,  two 
more  8-inch  columbiads  were  cast  at  the 
same  foundry,  and  under  similar  circum- 
stances ;  tlie  one  was  cast  solid,  and  the 
other  hollow.  The  iron  for  both  (Green- 
wood) remained  in  fusion  2^  hours,  ex- 

Dmhlgrcn  74  in.  rifle.   Scale,  /  ,  .   ,    , 

i'«  in.  to  1  It  posed  to  a  high  heat. 

I«S8.  The  core  for  the  hollow  gun  was  formed  upon  a  water- 
tight cast-iron  tube  closed  at  the  lower  end.  The  water  descended 
to  the  bottom  of  this  tube  by  a  central  tube  open  at  the  lower  end, 
and  ascended  through  the  annular  space  between  the  tubes.    ^  The 


Gast-Iron  Guns. 


113 


FiO.  84. 


water  paeeed  throngh  the  core  at  the  rate  of  2^  cubic  feet  per 
minute,  or  150  feet  per  hour.  At  25  hours  after  castiiig,  the  core 
was  withdrawn,  and  the  water  thereaft;er 
circulated  through  the  interior  cavity  form- 
ed by  the  core,  at  the  same  rate  for  40 
hours;  making  65  hours  in  all.  The 
whole  quantity  of  water  passed  through 
the  casting  was  nearly  10000  cubic  feet, 
weighing  about  800  tons,  or  about  50  times 
the  weight  of  the  casting.  The  heat  im- 
parted by  the  casting  to  the  water,  and  car- 
ried off  by  the  latter,  is  equal  to  6^  on  the 
whole  quantity  of  water  used. 


CroM-sectioQ  Dahlfp^n 
7^m.  rifle.  Scale,  fy 
izL  to  1  ft 


Fig  85. 


Pio.  86. 


Dahlgren  breech  strap  for  I^'ul  rifle.    Scale,  -j^^  in.  to  1  tt. 


"  A  fire  was  kindled  in  the  bottom  of  the  pit  directly  after  cast- 
ing, and  was  continued  60  hours.  The  pit  was  covered,  and  the 
iron  ease  containing  the  gun-mould  was  kept  at  as  high  a  temper- 
ature as  it  would  safely  bear,  being  nearly  to  a  red  heat,  all  the 
tame." 

8 
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Itf9.  Sbortlj  afterwards  (August  2  let)  two  10-inch  oolumbiads 
were  eaist,  of  the  same  iron,  the  one  solid,  and  the  other  hollow. 
Both  moul(U  were  placed  in  the  same  pit,  and  all  the  space  in  the 
pit,  outnide  of  the  moulds,  was  filled  with  moulding-sand  and 
rammed«  ^^This  was  done  because  the  iron  cases  of  the  moulds 
were  not  large  enough  to  admit  the  usual  thickness  of  clay  in  the 
wallri  of  the  mould.  It  was  apprehended  that  the  heat  of  the 
great  mass  of  iron  within,  would  penetrate  through  the  thin 
mould,  and  heat  the  iron  cases  so  much  as  to  cause  them  to  yield 
and  let  the  iron  run  out  of  the  mould/'  The  external  cooling  of 
the  lOinch  hollow  gun,  by  the  contact  of  the  flask  with  green 
Band,  was  therefore  much  more  rapid  than  that  of  the  S-inch  hol- 
low gun. 

1 60.  ^^  Water  was  passed  through  the  core  at  the  rate  of  about 
4  cubic  feet  per  minute,  or  240  feet  per  hour,  for  94:  hours; 
amounting  in  all  to  22560  feet,  weighing  about  TOO  tons,  or  TO 
thnctt  the  weight  of  the  casting.  The  mean  elevation  of  the  tem- 
])orature  of  all  the  water  passed  through  the  core  in  94  hours,  was 
about  3.^^.  At  the  end  of  this  period  an  attempt  was  made  to 
withdraw  the  core  from  the  casting,  which  proved  xmsuccessfuL 
The  contraction  of  the  iron  around  it  held  it  so  firmly,  that  the 
upper  part  of  it  broke  off,  leaving  the  remainder  imbedded  in  the 
dieting.  The  stream  of  water  was  then  diminished  to  about  2  feet 
]>or  minute,  which  continued  to  circulate  through  the  core  for  48 
honrn.  Tlie  supply  of  water  allotted  to  and  circulated  through 
both  the  8-inoh  and  10-ineh  guns  was  equal,  in  weight,  to  the 
weight  of  each  canting,  in  about  1  hour  and  20  minutes." 

1  At.  The  pnx)f  of  the  S-inch  guns  commenced  August  28th ; 
that  of  the  10-inch  guns,  October  Tth.  "Eighty  fires  per  day 
were  oanily  made  with  T  men,  in  5  hours,  from  the  8-inch  gun; 
and  witli  0  men,  60  fires  were  made  in  the  same  time  from  the 
K^-inch  gun.  ^  ^  ^  Fifteen  fires  were  sometimes  made  firom  the 
S-inch  gun  in  30  minutes.  ^  *  ♦  Tlie  two  guns  making  the  pair 
to  bo  (*omi>arod  were  fired  alternately,  one  discharge  from  each, 
in  regular  succession,  until  one  of  them  burst,  when  the  firing  of 
the  survivor  was  continued  by  itself  alone.    The  powder  of  the 
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etrtridgee  of  each  pair  was  of  the  same  proof  rang6,  and  taken 
from  tW  same  ca^^k.^' 

Proof  Cbabqeb, 

I  *     L  J  tit  fire,  II  Ibi.  powder,  i  baU  ind  tabol,  and  i  wii 
*  1 


to-incb, 


^d  fire,  15  ll».  powder,  t  tkeil  with  tabot. 

{tit  Hre,  10  Lbt.  powder,  I  ItjU  ind  iibot,  and  i  wad. 
3.4  £r«,  14  Ibi.  pawicr,  i  ihel!  wkh  ubot. 


SeBVICE    CHAROKa. 

8-iacJi  10  Ibi,  pawder,  1  ball  wUb  iabot* 
tO^inch  t%  Ibi,  powder,  1  ball  with  f4t»ar. 
Weight  of  S4ncb  bdU,  ^^i  tb».  i  pf  fhelli,  4SI  Ibi, 
Wdght  of  lo-tnch  bdh,  114  lbs.  §  of  ihdU,  91  Ibi. 

'^The  tiumber  of  fires  made  from  each  gim,  including  proof 
cbargee^  was  ba  follows : — 

8 -inch  fuiTi  No.  3,  CAtt  iolid,  7^  Arei. 

Scinch  ^un,  Nci«  4,  caic  hallow,,  I SC^  lircs, 
to-incb  |un.  Ho,  5^  cait  solid,  xd  Am. 
la-i&ch  gunii  No^  6^  caic  boflowj^  149  fires. 

**  £acli  of  them,  excepting  the  8-1  nch  gun  No,  4,  east  hollow, 
bur&t  at  the  last  tire ;  and  that  remains  oubroken,  and  apparently 
capable  of  much  further  ijervice, 

**Oii  comparing  tlie  enlargements  of  the  bores  (made  by  an 
egual  number  of  fireH)  of  the  gtins  cast  eulid  with  thi>se  cast  hol- 
low, It  will  be  mim  that,  in  both  pairs  of  gung,  the  enlargement  is 
leaat  in  those  cast  hollow,  ♦  *  * 

1 S3^  "The  le«i!  endurance  of  the  10-inch  hoDow  gnn  than  that 
of  the  &-inch  hollow  one,  is  a(":counted  for  by  the  fact  that  the  10- 
inch  gun  bad  iiu  fire  on  the  exterior  of  the  flask  w^hile  cooling,  it 
liaving  been  rammed  up  in  the  pit^  where  it  was  supposed,  at  tlie 
time  of  casting,  the  heat  of  tlie  gun  w  ould  have  been  retained  by 
the  ^and  until  the  interior  fihoald  have  been  c^ooled  by  the  circu- 
lation of  water  tlirough  the  core-barreh  This  enppotiition  was 
found  to  l)e  erroneous  mi  digging  out  the  sand,  as  its  temperature 
was  found  to  be  much  lower  than  had  been  expected*" 
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ins.  Test  of  New  Obdnancb. — The  propoeals  for  army  gnus, 
1863,  specify  that  the  iron  is  to  have  a  tenacity  of  not  leas  than 
30000  Ibs«,  and  that  a  trial-gun  is  to  endure  1000  rounds  with  ser- 
vice charges,  200  rounds  to  be  with  solid  shot,  and  800  rounds  with 
shells.  In  the  Kavy  Department  the  test  is  as  follows: — The 
maker  is  required  to  provide  sufficient  iron  of  uniform  make  and 
quality  to  execute  the  entire  order.  Fiye  guns  are  cast,  and  the 
iron  is  tested.  The  strength  of  that  which  is  nearest  the  average  of 
the  five  specimens  is  prescribed  as  the  standard  of  strength.  This 
should  be  about  30000  lbs.  per  square  inch.  A  variation  of  2500 
lbs.  each  way,  that  is,  from  27500  lbs.  to  32500  lbs.,  is  allowed. 
A  similar  rule  is  observed  with  regard  to  the  specific  gravity, 
which  should  be  about  7*23.  The  proof  for  the  smaller  guns  is, 
that  one  gun  out  of  the  whole  order  shall  endure  1000  rounds 
with  service  chaises.  For  guns  of  18*in.  bore  and  upwards,  500 
rounds  are  required.* 

One  of  the  15-inch  navy  guns  was  fired  900  times  at  ele- 
vations from  0  to  5^.  The  charge  commenced  at  35  lbs.  It 
was  then  increased  to  50  lbs.  With  60  lbs.  220  rounds  were 
fired.  The  gun  at  length  burst  with  70  lbs.  The  shot  in  all 
cases  was  440  lbs.  After  the  first  300  rounds,  the  chamber 
(Fig.  81)  was  bored  out  to  a  nearly  parabolic  form,  and  the  chase 
was  turned  down  3  inches,  so  as  to  fit  the  port  designed  for  the 
13-in.  gun. 

164.  CoLuiCBiADS. — ^'The  columbiads  are  a  species  of  eea- 
coast  cannon,  which  combine  certain  qualities  of  the  gun,  how- 
itzer, and  mortar;  in  other  words,  they  are  long,  chambered 
pieces,  capable  of  projecting  solid  shot  and  shells,  with  heavy 
charges  of  powder,  at  high  angles  of  elevation,  and  are  therefore 

*  **No  gun  b«8  been  aooepted  as  •  standard,  which  has  not  been  aubjeciad  to  tha 
'ordeal  of  1 000  rounds  of  service  charges.  With  thia  atandard  thua  eatablishcd,  aU 
the  guna  of  a  contract  must  cdndde  in  their  compoette  elements.  The  only  ciccptkNi 
to  the  rule  haa  been  in  the  case  of  the  l&-inch  guns  cast  npon  the  plan  of  Major 
Rodman,  of  the  United  States  Armjr.  Time  did  not  admit  of  thia  proof  being  apfdied, 
and  the  guna  were  neceMarilj  accepted  and  put  into  senricei,  after  hating  endured, 
howeror,  somewhat  more  than  the  tests  prescribed  by  the  armj  reguhitlona.'*^/Vw« 
the  Report  of  the  Chief  of  Ordnance,  U.  S,  Xaiy  I/.  jKirtnent,  Oct  20,  1863, 
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equally  suited  to  tlie  defence  of  iiwrow  channek  and  di?^t^iit 
roadsteiwls- 

**Tlje  culiimliiiid  was  iiiventt*4  hr  tlie  late  Colonel  Bnmford,  and 
used  in  tlie  war  of  ISl^  for  firing  solid  t^liot,  la  1844  tJie  model 
was  changed,  by  lengthening  the  hore  and  increadng  the  weiglit 
of  metal,  to  enable  it  to  endure  the  inirreasecl  (charge  of  powder, 
or  i  of  tlie  weiglit  of  the  Bolid  sliot.  Six  years  at\er  this,  il  waa* 
discovered  that  the  pieces  thus  altered  did  not  alwav!*  jxisAet^g  the 
requisite  strength.  In  1858  they  were  degraded  to  tlie  rank  of 
shell  gnng,  to  be  fired  with  diminished  charges  of  pcjwder,  and 
thoir  places  siap plied  with  pieces^  of  improved  niodeh 

16«l«  **The  changes  made  in  funning  tl*e  new  model,  consisted 
in  giWng  greater  thickne^  of  metal  in  the  proUmgation  of  the 
axis  of  the  bore,  which  waa  done  by  diminishing  the  length  of  the 
bore  ifc&elf ;  in  enbetituting  a  hemiHpherieal  bottom  to  the  Imre  and 
removing  the  cylindrical  chamber;  in  renHJvitjg  the  swell  of  the 
mnzade  and  base  ring ;  and  in  rounding  off  the  comer  t>f  the 
breech/^*  The  present  model,  as  illustratedj  was  proposed  by 
Captain  Rodman,  in  ISOO. 

1 66,  ilew  C-iin»— 30<-liif*li  Gunii, — In  addition  to  the  heavy 
ordnance  illustrated  in  the  accompanying  engravings,  the  Navy 
Department  has  introduced  a  sui>eriur  gun  of  104nch  calibre,  called 
a  125-pounder,  The  exterior  dimensions  are  nearly  the  same  as 
those  of  the  11-inch  gun,  exttept  that  the  maximum  diameter  of  the 
minfcmse  is  eontinucfl  farther  forward  (^1  calibre*^),  Tlie  iir^t  of 
these  guns  wa^  cast  solid,  and  endured  47  lbs.  of  powder  and 
125-lb,  balls  Ibr  some  hundred  rounds.  The  new  10-inch  gun  ia 
ea£^t  hollow ;  charge,  4D  Ibd, ;  diot,  ltf5  lbs.  Its  dimensions  are 
given  in  Table  23, 

Tlie  chambers  of  the  navy  1:^  and  loin,  gnns,  as  shown  in  the 
engravings,  have  reeently  been  clianged  to  a  shape  nearly 
parabolic. 

Tlie  Navy  Department  has  four  12-in.  riflea,  east  hollow,  of 
atfcmt  the  exterior  dimensions  of  the  15-inch  gun.     It  is  believed 

*  "  Urdnuioe  and  Giiniiery/*  BenUin^  1862* 
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Tabu  XXIV.— Ouvb  Bubst  at  Ssbabtopol  ahd  Swbabobo. 
These  gaua  were  all  of  cast  iron,  unatrengtheDed. 


Now 
bant 


DeMriptioB  and  eallbra. 


13-iiich  Morur,  old  pattern 
lo-inch  Mortar,  old  pattern 

68-poundery  95  cwt.  i 

lo-inch  Gan,  85  cwt 
31-pounder,  56  cwt. 
24*pounder,  50  cwt. 
Lancaster  8-inch  Oona. 


Na  of  rooada  fired. 


No  information. 

No  information. 

lit.    Fired    over    aooo 
rounds. 

ody  No  information. 

No  information. 

No  information.* 

No  information.! 

No  information. 


Oaoaa  of  borattaf. 


No  information. 
No  information. 

V  Ftred  at  high  clcratioa. 

{Enemy*!  ihcU  hunt  in 
mnssle. 
No  informatioa. 

No  information. 

No  information. 

No  information. 


FlO.  91. 


*  The  n-poiindera  areraired  1500  nmi»<1a  each, 
t  The  M-poondert  avvraged  MO  rounda  «aeh. 

169.  niseellmiieoat  Caiit^Iron  Ctmit*  aud  HZortart. — The 

Russian  120-pounder  shell-gim  is  illustrated  hy  Fig.  89.  Its 
length  (to  end  of  reinforce)  is  180  in. ;  diameter  over  the  chamber, 
26-8  in. ;  diameter  of  bore,  10*75  in.     The  56-pounder,  illustrated 

by  Fig.  90,  is  intended  as  both 
a  shot  and  shell  gun.  The  par- 
ticulars of  it  are:  length  (to 
end  of  reinforce)  124  in. ;  diam- 
eter over  the  chamber,  287  in.; 
diameter  of  Tx)re,  7*65  in.; 
weight,  13700  lbs.  The  other 
modern  Russian  cAst-iron  guns 
are  chiefly  of  the  calibres  of 
40-pounders  and  96-|>ounder8.t 
170.  Fig.  91  illustrates  the 
difference  in  figure  between 
the  British  and  the  United 
States  IS-in.  sea-service   mor> 


British  and  U.  R.  I.l-inch  nea-aenrice  mor* 
tar9.  Half  aecUoD  of  each.  Scale,  )\' in. 
to  1  tL 


•  The  Wahrendorf  and  Caralli  breech*loading  cast-iron  guns  wiU  be  Ulustntod 
under  the  head  or  Broech-LoadiufC- 

f  Military  Commiaaioa  to  Europe^  Major  Mordecai  1860. 
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Tabu  XXIV. — Guks  Bubst  at  Sbbastopol  ahd  Swbabobo. 
These  guns  were  all  ofcaat  iron,  unstrengtheDed. 


Now 
iNint 

DeMripUoD  and  ealibra. 

Na  of  roaads  fired. 

Caoaa  oTboratliv. 

I 

i3-iacli  Morur,  old  pattern 

No  informatioa. 

% 

lo-inch  Mortar,  old  pattern 

No  ioformation. 

No  information. 

2 
I 

68-poundery  95  cwt. 
lo-tnch  Gun,  85  cwt. 

lit.    Fired    over    aooo 
roundi. 

ody  No  information. 

No  information. 

1  Fired  at  high  elcvatkm. 

f  Enemy*!  ibell  bunt  is 
\      muzsle. 
No  information. 

I 

31-pounder,  56  cwt. 

No  information.* 

No  information. 

a 

if^povnder,  50  cwt. 

No  informa6on.f 

No  informatioa. 

3 

Lancaster  8 -inch  Oona. 

No  information. 

Fio.  91. 


*  The  8S-poiinder«  averaircd  1500  roanda  each, 
t  The  M-poondera  avvngvd  MO  rounda  each. 

169.  niseellaiieoat  Caiit^Iron  CtniiB*  aud  ^ortan. — The 

RufiBian  120-pounder  shell-gim  is  illustrated  hy  Fig.  89.  Its 
length  (to  end  of  reinforce)  is  180  in. ;  diameter  over  the  chamber, 
26-8  in. ;  diameter  of  bore,  10-75  in.     The  56-pounder,  illustrated 

by  Fig.  90,  is  intended  as  both 
a  shot  and  shell  gun.  Tlie  par- 
ticulars of  it  are:  length  (to 
end  of  reinforce)  124  in. ;  diam- 
eter over  the  chamber,  28*7  m.; 
diameter  of  bore,  7 '65  in.; 
weight,  13700  lbs.  The  other 
modem  Russian  cast-iron  gans 
are  chiefly  of  the  calibres  of 
40-pounders  and  9C-i>ouudera.t 
170.  Fig.  91  illustrates  the 
difference  in  figure  between 
the  British  and  tlie  United 
States  13-in.  sea-service   mor- 


Britisli  and  IT.  B.  13-inch  aea-aenrice  mor- 
tara.  llalfaectioD  of  eaclu  Scale,  /«  in. 
tol  ft 


*  The  Wahrendorf  and  Caralli  breech-loadini^  cast-iron  guns  wUl  be  illustrated 
under  the  head  of  Breech-Loading. 

t  MiUtory  Commiaaion  to  Europe^  lli^  Mordecol  186a 
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Tabu  XXYIL— Goer  of  Ouire. 


Bass  or  Ovm. 


W«ifkL 


io|-ia.  g«a  Wravf  ht-iroa   coib  in 

tio  fit, gun  Wrongbc-iroii   coils   in' 

boopt 

m ^  WrovfhK     iro«    Ibrgcd 


Alhmi  g«a. 


iMrrovflit     ifwi     rofjcd 


I 
tLnff*9  t$-ia.  g«B*...  Ctet  ftcd  Ibrgt4  toUd.. 

ILff«ff*t  ^ia.  gwi Catc  Msel  forged  toU4~' 

i 
Btmamut  ferfiag...  .  .  Cmc  itccl  Ibrgcd  •aiidJ 

WUkjOf  is-ia.gw Cmc  ictcl  hooped  with 

•CMl 1 

BUhely  ti-«A.gwi.     ..  C«c  lecel  hooped  wtthi 

Mcrl - 

■UhHy  t^ia.gwi Catt  tlrcl  hooped  wich' 


Mafcolf   ii'>-pdr.  g««^  Cmc  •feci  hooped  with 


Wkmwunk  ts»-fdr. 


«■« - 

Cmc  ttcel  hooped  with- 


Fertvct  I  -•.•pdr.  gwi...  CmI  irufi  hooped  with 
wrooght   iron 

Fvmcf  Sm*.  gwi «>CmC  iron  hooped   with 

wrooght    irva 

Farvott  I'.-xa  goa Citt  irua   hooped   with 

wrooght  troo 


I  {-la.  g«a...~  Cmc  iroa  cmC  hollow., 

13-ia.  gva Gilt  ifoa  c«t  hoUow*. 

I  ta  goa CaM  iroa  cMt  hollow.. 
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7- 
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33600 
itooo 

tIMO 


35000 
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9600 

n44o 
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49100 

15059 

Ms 


Ooet  por    fpi^i 


33*6      $9000*00 

*3-9        »«95-75 

12500*00 

5000*00 

19400*001 

10115*00, 
I 
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5I.3     :i75C"Ooo: 
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9*75  I    1461*00 

9.75  '     ti5*oo 


6000  -oo  • 

I 
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•  Tl-.«  H  tho  woAfhl  and  prko  unotlMmUy  rtpoctcd    Tba  prioo  ii»  probably,  ixK 
hr  vftwtf 
TW  Araacrosf  iOO*pr.  (13*3-m)oQ«t  $I90<>0.  or  37  oniU  per  pound. 
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CHAPTER    11. 

THE  REQUIREMENTS  OF  6UK8— ARMOR. 


Siscnoir  I. — ^Thk  Work  to  be  Dohe.    . 

171«  If  the  introduction  of  11-ul  shell-guns  had  not  ren- 
dered wooden  walls,  and  even  iron  hulls  without  armor,  impracti- 
cable for  war-vessels,  the  American  experiments  with  15-in.  guns, 
and  the  promise  of  laiger  calibres,  plainly  indicated  that  the 
great  accuracy,  long  range,  and  enormous  bursting  chaiges  of  mod- 
ern shells  would  add  to  the  power  of  ordnance,  more  than  high 
speed  by  steam  would  add  to  the  power  of  ships.  A  moving  object 
was  indeed  an  uncertain  mark,  but  one  15-inch  projectile,  rightly 
planted,  was  likely  to  destroy  or  seriously  cripple  any  vesseL* 
More  recently,  the  penetration  and  shattering  of  masonry  by  rifle 
projectiles  at  long  range,  demonstrated  the  fatal  weakness  of  the 
present  forts. 

From  these  causes,  a  new  and  additional  feature  of  defence  be- 
came indispensable.  The  cuirass  of  ancient  times  was  restored, 
but  instead  of  defending  the  breasts  of  single  warriors  from  hostile 
spears,  it  was  expanded  over  whole  firigates  and  fortifications — 
their  armament,  men,  and  machinery — and  thickened  to  resist 
shells  and  even  solid  shot  of  ordinary  power. 

So  rapidly  have  these  changes  occurred,  and  so  much  absorbed 
are  engineers  in  tlie  improvement  of  the  rival  systems — offen- 
sive and  defensive — that  the  fundamental  and  comprehensive 
character  of  this  revolution  in  warfare  is  hardly  appreciated.  The 
ox|H)r]inontal  light  of  the  armored  batteries  at  Einbum,  so  late  as 
1  sr>ri,  was  ueglei'ttHl  by  the  profession  at  large,  and  the  sul>sequent 
cMitnnununmient  of  iron-i*lad  vessels  in  France  and  England  was 

•  t>H0  lA.tn.  prt^Ule  d<^clioj«d  tiie  irmkImI  AOamia.  (iti  K\  and  another 
iilmUt»mi  Ihv  vUli*  of  the  iron-dad  \ 
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hardly  acknowledged  by  its  authors  to  be  a  revolutionary  proceed- 
ing. Nor  was  it  the  actual  beginning  of  the  new  Bystem.  The 
three  years  of  the  great  rebellion  in  America,  and  the  contempo- 
rary and  comprehensive  experiments  of  the  British  Government 
npon  the  resistance  and  fabrication  of  armor,  have  witnessed  its 
real  inauguration,  and  pointed  out  the  direction  and  settled  many 
of  the  fundamental  principles  of  its  further  improvement. 

Whether  new  weapons  of  offence  will  again  overcome  the 
armor-carrying  power  of  practicable  ships,  as  gunpowder  overcame 
that  of  men,  so  that  fortresses  which,  being  fixed,  can  carry  armor 
enough  to  resist  any  conceivable  projectile,  will  be  relied  on  for 
ultimate  defence ;  or  whether  the  embarrassments  that  beset  the 
gunmaker  will  so  rapidly  increase  and  multiply  that  practicable 
dups  can  always  carry  armor  enough  to  resist  projectiles,  is  not  an 
essential  feature  of  the  present  discussion. 

179.  The  present  duty  demanded  of  guns,  is  to  penetrate  or 
remove,  in  such  a  way  as  to  cripple  the  enemy  within  it,  the 
armor  now  used  on  ships,  and  the  armor  that  in  the  present  state 
of  the  art  is  likely  to  be  fabricated  and  to  be  supported  by  sea- 
worthy vessels. 

The  importance  of  carrying  some  purely  «AeK-guns  of  large 
calibre,  to  destroy  transports  or  vessels  that  may  not  be  iron- 
clad, and  to  operate  against  towns,  temporary  works,  and  troops 
on  shore,  is  not  to  be  questioned.  Such  guns  are  comparatively 
perfect.^  At  least,  the  means  of  improving  horizontal  shell-firing 
are  well  understood. 

The  great  problem  remains  unsolved.  Indeed,  engineers  are 
looking  for  its  solution  in  diverse  or  opposite  directions.  See- 
ing that  the  results  of  experiments,  and  especially  of  warfare,  in 
testing  guns  against  armor  are  developing  new  features  of  strength 
and  weakness  every  day ;  that  these  results  are  still  somewhat  un- 
certain, and  that  time  enough  has  not  elapsed  to  enable  the  profes- 
sion at  large  to  collect  and  digest  what  facts  there  are,  few  if  any 
fiT$t  principles  are  universally  recognized.    This  is  still  more  the 

*  Since  the  abore  was  written,  the  power  of  the  U.  S.  11-in.  guns  against  wooden 
wsUs  has  been  iUnstrated  in  the  destruction  of  the  Alahama  by  the  Kmrsoirqt, 
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case  since,  from  motives  of.  gain,  pride,  or  official  conservatism, 
many  persons  have  taken  advantage  of  the  limited  knowledge  on 
the  subject  to  establish  their  own  schemes,  by  arranging  expert* 
ments  to  show  their  favorable  side  and  to  conceal  the  other,  or  by 
publishing  one  class  of  facts  and  ignoring  those  of  a  conflicting 
character.*  Or  sometimes  reticence  and  a  show  of  mystery  are 
maintained,  ostensibly  to  withhold  information  from  foreign  gov* 
emments,  when  it  is  very  well  known  that  gtwemments  find  means 
of  acquainting  themselves  with  each  other^s  practice.  The  real  loser 
is  the  government  that,  in  concealing  the  truth,  withholds  it  from 
its  awn  people — from  the  great  mass  of  ingenious  and  skilful  men 
in  civil  life  who  would  turn  it  to  good  account 

The  somewhat  chaotic  state  of  professional  opinion  on  the  ques- 
tion of  the  best  gun  to  destroy  armored  ships,  may  perhaps  be 
narrowed  down  to  two  general  theories,  the  strength  of  the  gun 
being  the  common  starting-point : — 

173.  Two  Systems  op  Dbstbotino  Ibok-Clads. — First.  It 
is  contended  that  the  most  feasible  method  of  attack  is  to  waste 
no  power  in  racking  the  whole  side  of  the  ship,  but  to  devote  the 
power  exclusively  to  punching  the  armor — ^with  shells  if  possible. 

174.  Second.  It  is  contended  that  the  better  method  is  to 
waste  no  power  in  punching  mere  holes,  but  to  so  increase  the 
weiglit  of  tlie  shot  (a  given  strain  being  imposed  upon  the  gun 
by  means  of  reducing  the  velocity),  that  the  entire  blow  shall  be 
expended  in  straining,  loosening,  and  dislocating  the  armor,  and 
breaking  its  fastenings,  thus  tearing  it  off,  after  which  the  vessel 
will  be  easily  destroyed  by  shells ;  and  at  the  same  time  racking 
and  breaking  the  ribs  and  side  of  the  vessel,  and  thus  rendering 
her  unseaworthy. 

175.  Both  the  theory  and  the  practice  appear  to  indicate,  Ist, 
that  these  two  distinct  results— ^punc^tn^,  and  what  we  will  call 
racking — can  be  respectively  produced  by  excessive  velocities  and 
excessive  weights  of  projectiles — the  power,  which  is  limited  by 
the  respective  strains  imposed  upon  the  gun-metal,  being  the 

*  The  reftden  of  Britiah  sdenUfle  joarnste,  for  insUaoe,  will  obtor?*  th«  amber 
and  getMnl  fkirneM  of  theee  oomplainti. 
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same  in  botli  inBtances;  and  2d,  that  in  case  of  a  given  projec- 
tile, whatever  power  is  employed  in  racking  the  Bide  of  the  ves- 
sel, does  nothing  towards  penetration,  and  vice  ver/td. 

These  effects  may  be  roughly  illustrated  by  throwing  a  32-lb. 
ball  and  firing  a  bullet  at  a  light  board  or  piece  of  thin  sheet- 
iron,  supported  at  the  comers.  The  ball  will  split  the  board  or 
break  it  across  the  grain,  or  both;  or  it  will  double  up  the 
sheet-iron  and  tear  it  away  from  its  supports,  without  showing 
any  signs  of  penetration.  The  bullet  will  make  a  clean  hole,  with- 
out splitting,  bulging,  or  loosening  either  the  board  or  the  iron. 

1 76,  A  simple  way  of  explaining  these  phenomena  is  as  fol- 
lows:— ^In  the  case  of  the  high  velocity,  the  effect  was  wholly 
local,  because  the  surrounding  material  had  no  time  to  propagate 
the  vibrations  throughout  the  mass.  In  other  words,  the  cohesion 
of  the  material  was  not  sufficient,  in  the  time  allowed,  to  overcome 
the  inertia  of  the  surrounding  mass.  The  distrtbtUion  of  the  effect, 
in  the  other  case,  was  due  to  the  low  velocity.*  In  both  cases, 
the  work  done  might  have  been  the  same. 

177,  The  following  extract  from  a  paper  by  Captain  Noble, 
B.  A.,  contains  important  facts  and  illustrations  upon  this  subject : 

"  The  work  done  may  be  stated  to  be  as  W V*,  W  being  the 
weight  of  the  shot,  and  Y  its  velocity  at  the  moment  of  impact. 

"The  work  done  at  200  yards  distance  by  the  110-pounder 
Armstrong  rifled  gun,  with  14  lbs.  charge,  when  W=lll  lbs.  and 
y=:1178  ft.,  and  the  68-pounder  smoothbore  gun,  with  16  lbs. 


*  As  tbeie  phenomeluk  of  local  and  distributed  effect— of  punching  and  racking 
armor  by  diffbrenc  sorts  of  cannon-shot,  are  represented  to  be  somewhat  mysterious 
and  uncertain  by  unprofessional  people  (all  men  are  critics  of  icor/afie),  yarious  other 
ezpOTxments  will  show  the  correctness  and  distinctness  of  the  two  principles  involved. 
A  board  set  on  its  edge  unstably,  so  that  a  pistol-ball  thrown  by  the  hand  will  over- 
turn it,  may  be  riddled  with  pistol-balls  fired  at  short  range  with  high  charges,  with- 
out being  overturned.  A  small  table-cloth  may  be  jerked  from  under  the  dishes 
without  perceptibly  stirring  them.  It  is  hardly  necessary  to  state  what  would  be  the 
result  of  pulling  the  cloth  off  slowly.  The  card  snapped  from  under  a  coin  balanced 
on  the  finger ;  the  punching  of  dean,  small  holes  in  roofing-slate,  by  a  rapid  stroke, 
when  a  lighter  and  slower  stroke  would  smash  the  whole  mass ;  and  many  other 
ensry-daj  experiments  and  processes  illustrate  the  fact^  that  the  element  of  time  esaen- 
tiaSy  modifieB  the  effects  of  moving  forces. 
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chai^,  when  W=66  lbs.  and  Y=1422  ft.,  is  in  favor  of  the  f<M^ 
mer  gun  in  the  proportion  of  11*5  to  10,  nearly ;  but  we  find  that 
the  penetration  is  in  favor  of  the  smooth-bore  68-ponnder.  Again, 
at  the  same  distance,  the  110-pounder  forcing  a  bolt  of  200  Iba. 
with  a  charge  of  10  lbs.,  when  W=200  lbs.  and  y=780  it,  in 
comparison  with  the  68-pounder,  as  before,  will  be  as  10  to  11« 
nearly,  the  68-pounder  thus  having  a  slight  advantage ;  yet  the 
penetration  of  the  6S-pounder  is  far  greater,  that  of  the  200  lbs. 
bolt  being  almost  nothing. 

'^  How  comes  it,  then,  that  although  the  work  done  by  each  shot 
varies  so  little,  the  penetrations  show  such  a  marked  difference  t 
I  think  that  the  following  explanations  will  throw  a  light  on  the 
subject : — 

177  A.  ''  The  actual  work  done  by  each  shot  is,  as  we  have 
seen,  nearly  the  same ;  but  one  does  its  work  in  much  l€s$  time 
than  the  other.    This  explains  the  whole  matter. 

^^  The  200-lb.  bolt,  with  a  loio  velocity ,  strikes  a  heavy  blow  on 
a  spot  in  the  target ;  but  it  takes  a  certain  length  of  time  to  accom- 
plish that  blow ;  so  that,  during  this  interval,  aU  the  surrounding 
particles  of  iron  have  ample  time  to  sustain  the  point  struck ;  the 
force  of  the  blow  is  thus  spread  over  a  large  surface  of  the  target, 
and  the  cohesion  of  the  particles  is  undisturbed,  as  each  particle  is 
enabled  to  contribute  the  force  of  its  attraction  towards  uniting 
the  whole. 

^^  The  6S-pounder,  on  the  contrary,  strikes  the  target  with  a  hi^ 
velocity,  and  the  surrounding  particles  have  not  time  to  sustain 
one  another  before  the  work  is  accomplished,  so  as  to  support  the 
point  struck ;  the  consequence  is,  that  the  penetration  is  greater 
at  the  point  stnick,  although  the  actual  amount  of  work  done 
may  be  the  same. 

'^  Lest  this  language  should  appear  too  figurative,  I  will  express 
it  in  other  words,  thus: — Let  us  suppose  the  matter  of  which 
any  body  is  composed,  to  be  comprised  of  an  indefinite  number 
of  atoms  or  particles  united  together  by  a  certain  force. 

"  Call  one  of  these  atoms  A,  and  the  contiguous  atoms  B  and  C; 
these  last  have  also  contiguous  atoms,  D  and  £,  and  so  on«    Snp> 
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pote  the  atom  A  receives  a  blow,  it  instantly  endeavors  to  trans- 
mit M»ine  of  the  effects  of  this  blow  to  B  and  C,  which  again  in 
o  o  o  o  o  their  turn  traoBmit  to  E  and  D ;  thus  a  Rort  of  war  of 
E  C  A  B  D  motion  takes  place  between  the  particles,  and  each  atom 
bfftn  Nime  of  the  effect  of  the  blow.  But  a  certain  time  must  have 
trmmpired  before  the  wave  commmiicates  its  effect  to  £  and  D.  If 
ilierB  is  stttBdent  time  to  enable  B,  C,  D,  £,  to  take  up  some  of  the 
cllert,  A  will,  in  a  corresponding  degree,  be  relieved ;  but  if  there  is 
not  MilBcieDt  time,  A  will  have  a  greater  force  to  contend  with  than 
it  i«  able  to  re«i»t,  consequently  it  mui^t  yield  to  that  force,  and 
aher  it*  pi«iti<m  with  regard  to  the  contiguom  particles.*'  ♦  ♦  ♦ 

1 77  ■•  **  The  mean  {lenetration  of  the  68-pounder  (in  the  War- 
riot  target  \  wai^  2.46  in. ;  that  of  the  1 10-pounder  Armstrong,  with 
a  shot  of  1 1 1  Ibn.  an<I  14  lbs.  charge,  1*6  in. ;  while  the  ))enetration 
<jf  the  SiNKlb.  bolt  was  almost  inappreciable.  What  was  the  pene- 
tration of  the  *  shunt*  gun,  with  a  i^hot  of  140  lbs.  and  20  Ibct.  of 
ptwdert  Not  much  more  than  the  68-pounder,  although  the 
work  done  was  nearly  as  17  to  10.  But  the  time  of  doing  this 
vofk  wai*  hinger  in  one  case  than  the  other.''  «  «  « 

177  C.  **  The  championA  of  the  '  heavy  weights'  say  that  the 
heavy  fthot  at  low  velu<'ities  will  hhake  the  plate  off  and  break  all 
the  UJm;  and  no  d<»ubt  t^uch  resultit  would  be  mont  effective — if 
rA#y  ttiok  plar^.  However,  up  to  the  prefient  date,  thet^e  results 
have  D<H  taken  place :  the  plates  in  the  most  obstinate  manner 
refbfe  to  be  shaken  off,  even  when  fired  at  directly.'** 

177  0.  The  fMtpular  notion  is,  that  the  future  gun  must 
acrompli«h  two  things:  Ui.  It  must  Bmash  a  hole  in  the  enemy *« 
•hip.  But  even  the  7-in.  Whitwurth  shot  made  only  a  clean,  small 
hole  throng  the  Warri49r  target,  and  the  gun  now  reciuircA 
rvpaifv  after  tome  30  heavy  charges.  And  the  13'in.  Ilon^fall 
fpm^  which  made  a  ragged  hole  through  the  name  taiget  and  other- 
witf  injured  it,  repreM*nts  the  utm<ist  {tower  of  the  profient  exjH*ri* 
ordnance.    The  taiget,  at  the  same  time,  by  no  meani»  rep* 


•Urn  aHrifNH  UmI  Uw>  mitlior  HmI  not  Kwlied  t)te  meiamg  elfect  of  vwy  hmrf 
la  bn.  frw  iMd  liMQ  flrtd  M  pbtn  u  UaM  llm*. 
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resents  the  maximum  resistance  of  the  present  armor.  Sd.  The 
future  gun  is  popularly  expected  to  shatter  and  dislocate  the  whole 
side  of  the  enemy's  ship. 

Supposing  that  the  same  shot  could  perfect  both  these  results, 
it  must  be  remembered  that  all  that  the  best  ordnance  can 
do,  is  to  disable  the  best  average  armor,  by  devoting  its  whole 
power  in  one  direction, — ^without  attempting  to  inflict  two  kinds 
of  punishment  at  a  blow.  Considering  the  known  results  of  iron- 
clad warfare,  and  the  known  facilities  for  improving  armor  as 
compared  with  those  for  improving  ordnance,  the  obviously  safe 
course  is  to  perfect  one  method  of  attack  or  the  other  before  at- 
tempting to  combine  both  in  the  same  weapon. 

The  consideration  of  guns  for  iron-clad  warfare,  therefore, 
involves  the  two  extreme  systems,  viz..  Punching,  and  the  com- 
bined operations  (174)  which  we  have  grouped  under  the  head  of 
Hacking.  It  is  proposed  to  compare  the  results  and  the  probable 
efficiency  of  these  systems,  with  reference  to  obvious  im]>rove- 
ments  in  armor,  for  the  purpose  of  getting  at  least  an  approximate 
idea  of  which  will  inflict  the  greater  damage  upon  an  enemy^s 
ships,  and  how  far  the  two  may  be  successfully  combined. 

SEcnoK  II. — Heavy  Shot  at  Low  VKLocmEs. 

178.  Experiments. — Only  a  few  very  heavy  shots  have  been 
flred  at  targets.  In  no  cases  have  the  target  and  the  circum- 
stances been  of  such  a  character  as  to  aflTord  complete  data  for 
com/Htrhuj  results.  So  that,  as  far  as  experiments  are  concerned, 
the  racking  system  requires  farther  demonstration.  Much  may 
be  learned,  however,  from  what  has  been  done.* 

It  should  also  be  borne  in  mind  that  this  is  not  strictly  a  compari- 
son between  large  and  small  projectiles,  but  between  high  and  low 
velocities.  Obviously,  the. smaller  projectile  can  receive  the  higher 
velocity  with  agiven  strain  upon  the  gun.  But  a  13-inch  ball  fired 
with  90  lbs.  of  powder,  at  1760  feet  velocity  (181  D),  or  a  13-inch 
ball  fired  with  74*4  lbs.  of  powder,  at  1681  ft.  velocity  (183^  or  a 

*  A  completo  ofBdal  account  of  the  more  importftnt  expoHmcnta  here  mcntUmcd. 
wfll  bo  giTon  in  a  following  chapter 
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IS-inch  ball  fired  with  00  lbs.  of  powder,  at  1480  feet  velocity 
(i8i  Ai — velocities  which  rather  penetrated  than  racked  the  tar- 
gets at  which  tliey  were  fired — are  not  pr(>))er  illuHtrations  of  the 
sTutem  under  consideration.  Thej  devoted  so  mnch  of  their  ]>ower 
U*  local  efiect,  that  they  reserved  little  for  distributed  work — for 
the  general  smasliing  and  dislocation  of  the  ship^s  Hides.  And 
therefore  their  destructive  results  may  lie  attributed  chiefly  to 
their  high  velocitio^. 

179.  LVlxcH  Ball;    10-Ikch  Taboet,  2<)*Inih  Oak  Bacx- 
DO. — In  the  spring  of  1803,  at  the  Washington  Xavy  Yard,  a  15-in. 
spherical  shot,  weighing  400  lbs.,  was  fired  at  200  yards  range, 
na  ox  Fio.  94. 


r 


no.  96. 


A'W' 


Bii»  r/  1*>  in.  UrK«t  for  IS  in.  gu&  Front  of  104&.  Uffd 

•^raks  i'4  in.  to  1  fuot. 

with  44»  lbs.  of  onlinary  cannon-powder,  at  a  target  (Figs.  98,  94, 
and  tOt  coni]iriM>d  of  a  4|*in.  plate,  3^  ft.  wide  and  15  ft.  high, 
harked  with  :»|  in.  of  M-in. 
plates  nn  iiu  of  iron  in  all)  and 
»)bL€timk.  A  dirk  was  broken 
oat  of  the  44-tn«  plate  (a.  Fig. 
Mi«  and  the  thin  plates  were 
indented,  but  not  broken.  The 
wood  was  a  litt  Ic  cruslicd ;  but  the 
ahnrk  was  so  great  that  nearly 
all  the  bolts  were  jerked  ont  or 
bfokco«  and  the  plate  was  ready 
Up  be  disliMlgevI  and  thrown  off 
by  a  flight  additinnal  vibratioa. 
tn:  llljrrn  Baxx;  10- 
Ijm-b  Taboct. — Shortly  afterwards,  an  ll-in.  spherical  cast-iron 


^cciwm  of  10-in.  Urgrt  and  bnckiDf. 
Scak*,  I  In.  to  1  foot 
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169-lb.  shot  was  fired  at  another  similar  plate  (C,  Fig.  94)  in 
the  same  target,  at  the  same  range,  with  30  lbs.  of  powder. 
A  disk  was  broken  ont  of  the  4^in.  plate,  leaving  an  indentation 
3^  in.  deep  (Fig.  96),  and  about  half  the  bolts  were  broken  and 
some  of  them  were  thrown  out. 

181.  11-Inoh  Ball  ;  14- Inch  Tabost. — About  the  same  time, 
an  11-in.  169-lb.  spherical  east-iron  shot  was  fired  at  about  50 
yards  range,  with  30  lbs.  of  powder,  at  a  target  (Fig.  97)  f4  in. 
thick  and  about  7  ft.  square,  composed,  where  the  shot  struck  it, 
of  six  1-in.  plates,  one  4-in.  plate,  and  four  1-in.  plates,  without 
wood  backing.  The  target  was  planted  against  a  heavy  timber 
framework  which  abutted  against  the  capstones  of  a  searwaU. 


Fig.  96. 


ll-in.  ahol  on  10-in.  target 


EricuoD  14-iiL  Urgct 


The  blow  of  the  shot  produced  a  smaU  local  effect.  The  in- 
dentation was  about  5  in. ;  the  outer  1-in.  plate  was  cracked  aeron, 
and  the  back  plates  were  bulged  2  or  3  in.  But  the  whole  target 
and  framework,  and  the  earth  and  sea-wall  behind  it,  were  shoved 
bodily  backwards  several  inches.  Nearly  all  the  through-bolts^ 
some  40  in  number,  were  loosened,  and  many  of  them  were  broken 
off  in  the  thread  of  the  screw  at  the  rear. 

181  A.  15-Imoh  akd  11-Inch  Balls  akd  Pahbott  150-lb. 
Bqlt;  Various  Plates;  Late  Experiments. — Some  important 
experiments  with  the  above  projectiles  have  very  recently  been 
made  at  the  Washington  Navy  Yard.  The  Department  has 
determined  not  to  make  public  the  details  of  these  experiments 
at  present.     The  general  results  are  as  follows : 
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A  taiget  compoeed  of  SO-in.  oak  backing  and  a  solid  6-in. 
French  plate,  made  bj  MesBra.  Petin,  Gaudet  &  Co.,  was  cracked, 
smashed,  and  completely  penetrated  by  a  15-in.  400-lb.  cast-iron 
ball,  fired  at  about  50  yards  range,  with  60  lbs.  of  powder,  at 
an  initial  velocity  of  1480  feet  per  second.  A  taiget  compoeed 
of  six  1-in.  plates,  backed  by  10  x  10-in.  iron  beams,  was  torn  in 
two  and  thrown  down  by  similar  projectiles.  Laminated  targets, 
composed  of  1-in.  plates,  up  to  13  inches  aggregate  thickness, 
and  backed  by  S4  to  30  inches  of  oak,  have  been  ruptured  and 
shattered  through  and  through,  tbough  not  completely  penetrated, 
by  the  same  shot  and  charges.  The  15-in.  ball  has  also  knocked 
down,  displaced,  and  shattered  varioas  taigets  of  considerable 
thickness  but  not  of  large  size,  and  therefore  not  exactly  repre- 
senting the  mass  and  continuity  of  a  ship's  side.  The  15-in.  gun 
has  not  been  fired  at  the  Warrior  target  or  at  any  4|-in.  target. 

The  11-in.  gun  has  recently  been  fired  at  various  taints  with 
30-lb.  charges  and  169-lb.  cast-iron  balls.  At  50  to  100  yards 
range,  this  gun  penetrates  4^-in.  solid  plates  of  ordinary  quality, 
but  does  not  make  a  olean  breach  through  the  best  plates  (21$). 

The  Parrott  8-in.  rifle,  with  150-lb.  bolts  and  16  lbs.  of  pow- 
der, breaks  through  but  does  not  punch  the  best  4^inch  plates, 
and  does  not  seriously  injure  the  backing. 

These  late  experiments  have  also  shown  that  the  convex  target, 
representing  the  Monitor  turret,  ofiers  very  much  greater  resistance 
to  both  punching  and  racking  than  the  fiat  target,  composed  of 
the  same  materials. 

181  B.  15-Inch  Ball;  Ibon-Clab  Atlaitta,  4^Inch  Abmob 
AKD  2^Fbet  Pike  Backiko. — In  1863,  a  15-in.  ball  from  the 
^  Monitor"  Weehatcken  smashed  in,  at  about  300  yards  range,  the 
armor  of  the  Confederate  iron-clad  Atlanta  (Fig.  97  A),  and  com- 
pletely disabled  her.  An  11-in.  169-lb.  ball,  with  20  lbs.  of  pow- 
der, did  not  break  through  the  same  armor.  The  casemate  of  the 
Atlanta  was  inclined  35^  from  the  horizon,  and  was  composed  of 
laminated  armor  of  the  aggregate  thickness  of  4^  inches,  backed 
by  2  J  feet  of  yellow  pine,  as  shown.* 

*  In  the  late  action  off  Mobile,  a  15-in.  ball  shattered  and  splintered  the  annor  of 
the  Ibuteuee    6  in.  of  iron  ban  and  2  ft.  of  oak.    No  other  shot  injuted  it 
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Cross  section  of  the  Omfederake  iron-dad  AUania, 

181  C*  13-Inch  610-lb.  Steel  Shell;  4|-lNcn  Plate;  18- 
Inch  Backiko. — On  December  11 ,  1863,  a  610-lb.  steel  shell  was 
fired  from  the  Armstrong  13-inch  gun,  with  TO  lbs.  of  powder,  at 
the  Warrior  target  (Fig.  98) ;  range,  1000  yards.  This  projectile 
smashed  a  20  by  24-inch  hole  entirely  through  the  target,  splinter- 
ing the  backing  and  supports,  starting  all  the  plates,  breaking 
nearly  all  the  bolts,  and  slewing  round  the  entire  structure.  The 
shell  contained  a  24~lb.  bursting  charge,  and  exploded  at  the  in- 
stant of  its  passage  through  the  plate.  This,  however,  should  be 
considered  a  punching  rather  than  a  racking  shot,  so  great  was  the 
disparity  between  the  power  of  the  projectile  and  the  resistance 
of  the  target. 

181  D.*  13-Inch  344i-LB.  Stefx  Shot,  11-Inch  Plate.— On 
the  10th  of  March,  1864,  a  344Hb.  spherical  steel  ball  was  fired 
from  the  same  gun  with  90  lbs.  of  powder — initial  veltK'ity,  1760 
feet  i>er  second;  range,  200  yards — at  an  11-in.  plate  8  ft  5  in.  x 
3  ft.  face,  sup[)orted  at  the  rear  by  two  12-in.  oak  jKists.  Tlie 
ball  struck  the  centre  of  the  plate,  breaking  it  in  two,  indenting 
it  4*9  in.,  and  dislodging  and  splintering  the  supports.     But  the 


*  The  scooimtp  of  these  tiro  experiments  were  not  obtained  from  offlcuU 
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ihot  wa«  flattened  to  15*2  in«  maximum  and   10  in.  minimum 
diameter,  and  thrown  back  towards  the  gun. 

1H%.  1S-Ikch  Ball;  if-IxcH  Plate. — At  Liverpool,  in  1856, 
the  Ilorefall  lS-in«  spherical  shot  of  279*5  IIm.  weight  was  fired 
with  25  lbs.  of  powder,  at  a  plate  4f  in.  thick,  3  feet  9  in.  long,  and 
2  ft^t  9  in.  wide,  weighing  about  2000  lbs.,  and  supported  by  9 
balki*  of  timber,  eac*h  6  feet  long  and  14  in.  square,  laid  together 
with  planks,  and  abutting  in  a  large  bank  of  sand.  The  range 
wan  12<)  yards.  Alxmt  a  third  of  the  plate  was  broken  to  pieces, 
and  fragments  of  about  1  cwt.  each  were  thrown  in  all  directions. 
The  timbers  were  driven  into  the  sand,  and  one  of  them  ^'sent  to 
a  distance  of  34K)  yards  straight  on  end  in  the  shore.^* 

1HS«  13-Ihch  IUll,  axd  131-lb.  WHrrwoBTH  Riflr-Shot; 
Warxiob  Taboct.— a  spherical  sliot  was  fired  (Sejitember  25, 
lJ^»2i  fn>m  the  same  (13  in.)  gun  at  the  Warrior  target,  Fig.  98 — 
a  4|-in.  plate,  18-in.  teak  backing,  and  a  f -in.  skin — with  74*4  ll>s. 
of  {Hiwder,  and  1031  ft.  initial  vehn'ity,  but  at 
^•O  yanls  range.  A  Whitworth  131 -lb.  rifle- 
fthrll  wart  on  the  same  occasion  fired  witli  25 
lb»w  of  |M)wder,  at  the  same  tai^t,  at  r><K)  yards 
ranp*.  Although  the  total  power  htiired  up  in 
the  13  in.  hh<it  at  starting  was  much  greater 
than  in  the  rifle-sliot,  it  h^t  more  vel(K*itj  in  a 
giien  range  <»inc*e  it  had  a  greater  croi^s- 
•ertional  area  in  proiKirtitm  U>  lU  weight),  and 
had  :^^i  yds.  farther  to  go.  In  addition  to 
thi%  it  struck  tlie  gniund  in  fnmt  of  the  taiget, 
and  ricijclietcd.  So  that  the  two  shots  aflford 
an  approximate  tm^is  ftir  com|iaring  the  two 
•;»trtn^  The  13-in.  shot  did  not  i>enetrate, 
but  »maiJied  the  in>n  and  the  teak,  rip|>e<l  open  the  inner 
•kin^  and  broke  7  through-)N>lts  and  :i  rilm;  «ts  effect  was  mon* 
disrriliQted.  The  rifle-iJiell  maile  a  clean  hole,  producing  only  a 
lucal  effect  upon  the  target     But  it  bur^t  innide  the  target. 


Fio.  0^. 


T1m»  Wo-rt,,'  uinnt. 
.Scale,  I  lu.  to  1  f\. 


•  Mr.  GU/.     **  B«poct  of  Um  DvSracp  CommlMkNK^ra,**  1  •'•;2. 
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Another  13-iiich  ball,  on  the  same  oocasion,  broke  off  a  comer 
of  the  plate  2  x  H  ft«,  atarting  2  bolts,  Bhating  the  whole  taiget 
violently,  and  doubling  up  a  rib.  The  damage  eartended  5  ft 
down  the  taiget 

184.  10|-Ikch  Bah.  ;  Wabbiob  Taboet. — An  Armstrong  10|- 
in.  150  lb.  spherical  shot  was  fired  in  April,  1862,  at  the  Warrior 
taiget,  with  40  lbs.  of  powder  and  1586  ft.  striking  velocity ;  range, 
200  yards.  The  first  sliot  bulged  the  plate  considerably,  made 
cracks  in  it  18  to  36  in.  long,  crushed  the  iron  over  a  surfiioe  of 
3  or  4  square  feet,  smashed  the  teak,  broke  2  ribs,  toro  the  skin, 
broke  two  bolts,  and  lodged  in  the  backing.  The  second  shot  hit 
near  the  first,  and  did  similar  but  greater  local  damage,  fimaahing 
another  rib  and  covering  the  ground  with  splinters.  The  follow- 
ing shot  was  fired  with  50  lbs.  of  powder  and  made  a  clean  breacb, 
with  less  distributed  effect.  The  fourth  shot,  fired  with  40  Iba.  of 
powder,  struck  whero  the  target  was  supported  by  2  sq.  ft.  of  solid 
timber,  which  it  could  not  penetrate,  but  only  crack ;  it  therefore 
shook  the  whole  target,  and  the  solid  masonry  behind  the  abutting 
beams. 

185.  150,  230,  AXD  307-LB.  Rifle  ajid  118-lb.  Eound-Shot; 
12  AND  13-Inch  Taro^t. — On  the  3d  of  March,  1863,  some  heavy 
shots  were  fired,  at  200  yards  range,  against  Cf4>tain  Inglis's  pro- 
posed armor  for  forts, — a  target  peculiarly  adapted  to  suffer  from 
vibration.  A  part  of  the  target  consisted  of  a  front  row  of  verti- 
cal slabs  of  wrought  iron,  8  ft.  high,  20  in.  wide,  and  8  in.  tliick, 
backed  by  horizontal  slabs  11  ft.  long,  20  in.  wide,  and  5  in.  tliick. 
The  vertical  slabs  in  another  part  were  7  in.  thick,  and  backed  by 
the  same  horizontal  5-in.  slabs.  Behind  the  slabs  were  ribe  9  in. 
wide  and  5  in.  deep.  The  whole  was  fastened  together  by  3-in. 
bolts,  with  conical  heads  and  nuts.  Washers  of  lead,  rubber,  iron, 
and  plaited  wire  were  respectively  placed  under  some  of  tlie  nuts. 

The  1st  shot  from  the  Whitworth  7-in.  rifle  was  a  solid  fiat- 
headed  148-lb.  steel  shot;  charge,  25  lbs.;  striking  velocity,  1240 
fb. ;  it  struck  the  13-in.  part  of  the  tai^et,  slightly  bulging  and 
smashing  it,  cracking  two  8-in.  plates  and  bending  a  frame-piece, 
hut  not  breaking  any  bolts,  nor  seriously  straining  the  fasteninga. 
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Sd.  A  118*lb.  upherioal  wrought-iron  shot  from  the  Armstrong 
^-22-111.  gun  was  fired,  with  25  lbs.  of  i)owder  and  W\2  feet  stri- 
king relocitVy  at  the  13-in.  part  of  the  target.  It  indented  2^  in., 
crarked  both  the  8-in.  and  the  5-in.  plates,  Iient  tlie  9x5  frame- 
bar  :i  tn.«  broke  off  one  bolt-head  (a  new  bolt  was  afterward  put 
ink  and  strained  the  target  perceptibly. 

The  3d  shot,  a  830-lb.  conical  cast-iron  bolt,  19  in.  long,  was 
firvd,  with  45  lbs.  of  powder  and  140<)  feet  striking  velocity,  from 
the  new  l(»}-in.  muule-loading,  shunt-rifled  Armstrong  gun.  It. 
iCnirk  the  12-inch  part,  cnu*ked  lM>th  the  7  and  the  5in.  plates, 
mrred,  dislocated,  and  drove  in  tlie  slabs  and  frame-bars,  broke 
trreral  bolts,  but  did  not  throw  off  any  of  the  slabs.  The  indent 
was  only  1 1  in. 

The  4th  shot  of  wrought  iron,  weighing  150  lbs.,  was  fired  from 
Lynall  ThomasV  7-inch  rifle  ( 1 27),  with  25  l)»s.  of  |M>wder  and  1218 
feet  striking  velocity.  Tlie  shot  was  greatly  U))set,  and  the  target 
was  Indented  TS  in.,  and  sprung  and  cracked,  but  not  very  seri- 
oosly  shaken. 

Tlie  5th  was  a  Whitwortli  1501b.  sliot,  similar  to  the  first.  It 
flCmrk  a  24x  21  x  H-in.  plate  under  the  embrasure,  bent  out  the 
9)r5in.  frame  bar  previously  started,  broke  2  lM>lts  and  threw 
o«t  «>ne.  The  lead  wa^herB  of  other  bolts  were  flattene<l.  The 
plank  •trm^k  was  driven  in  an  inch,  and  Inith  planks  were  cracked ; 
cftpi-t  m<»tly  local 

Tbe  6th  was  an  Armstrong  307-lb.  shot,  tired  from  the  10|>in. 
gun  with  45  lbs.  of  ]M>wder;  striking  velcM*ity,  122H  ft.  It  struck 
on  a  point  a  few  in€*hes  above  shot  No.  1,  (*racked  the  S-in.  plate, 
bfttke  <»ne  tiolt,  and  bulged  and  sh<Mik  the  slabs  and  frame-piei*cs< 
rtm^iflerably. 

Mr.  Lynall  Thomases  7-in.  gun  was  then  laid,  but  burst  with 
tTi  lb«.  iif  powder  and  a  1331b.  shot. 

IHflw  31HI  A!fn  830.LB.  RfFMcSHor;  7i-Ix<  u  TAHofnr.— On  the 
ITth  iif  March,  18«>3,  another  target  of  solid  platc^  n»llcd  by 
Mcasi^  Jt>hn  Brown  &  Co.,  was  tested  with  heavy  projectiles  at 
:*■»  j«k.  range.  It  consisted  (»f  a  lower  horizontal  plate  (^  in. 
tkadt,  a  middle  plate  7^  in.  thick,  and  an  upper  plate  5|  in. 
10 
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thick,  each  about  4  ft.  high  and  12  ft.  long,  their  faces  being 
flush.  One  side  of  the  target  was  backed  only  by  vertical  iron 
ribs ;  the  other  by  10  in.  of  teak,  a  1-in.  plate,  a  1^-in.  plate  and 
vertical  ribs.  A  heavy  horizontal  girder  extended  across  the  back 
of  the  vertical  ribs.  The  target  was  held  upright  by  heavy  tim- 
bers extending  between  it  and  a  bank  of  earth  behind.  The 
through-bolts  were  2^  in.  diameter. 

After  3  rounds  with  68-pounder  spherical  shot  and  3  with  Oo^lb. 
steel  shot  from  the  Armstrong  7-in.  rifle  (llOpounder)— charge,  in 
each  case,  16  lbs. ;  indentation,  2}  to  3  in. ;  no  perceptible  racking 
observed — a  conical  301-lb.  steel  shot,  fired  by  45  lbs.  of  powder 
firom  the  lOJ-in.  Armstrong  gun,  struck  the  centre  of  the  74-in. 
backed  plate  ov^r  a  n'i,  with  a  velocity  of  1293  feet ;  made  an 
indentation  13  in.  wide  by  6*2  in.  deep ;  bent  the  plate,  throwing 
the  ends  out  nearly  an  inch,  and  loosening  and  breaking  one  l>oIt 
and  20  rivets ;  cracked  and  bent  the  inner  skin  and  ril>s ;  broke 
and  jarred  the  horizontal  girder,  and  shook  the  structure  violently. 

The  8th  and  9th  rounds  were  fired  through  the  5^in.  plate,  and 
burst  in  the  backing.  These  will  be  referred  to  under  another 
head. 

The  10th  shot  was  from  Lynall  Thomas's  9-in.  rifle,  and  missed 
the  target. 

The  11th,  a  302-lb.  wrought-iron  bolt,  18^  in.  long,  was  fired 
from  the  same  gun,  with  50  lbs.  of  powder,  and  struck  the  junc- 
tion of  the  7i  and  6i-in.  plates  where  they  were  not  backed,  ma- 
king several  cracks  and  an  indentation  of  5^  and  6  in.  in  a  length 
of  7i  ft.,  and  bending  and  vibrating  the  plates  so  mu(;h  as  to  break 
several  rivets  and  angle-irons  and  a  vertical  rib.  The  shot  re- 
bounded 25  yards  and  was  much  upset. 

The  12th  shot,  a  pteel  330-lb.  bolt,  was  fired  from  the  same  gnn 
with  50  lbs.  of  powder,  and  struck  the  edge  of  the  7i-in.  plate, 
where  there  was  no  wood  backing,  at  1220  feet  velocity.  It 
smashed  a  piece  21  x  12  in.  out  of  the  plate,  making  an  indent  7| 
in.  deep.  One  rib  was  broken  and  2  were  bent.  The  girder  pre- 
viously started  was  thrown  out  of  place,  and  2  l)olts  were  broken. 

The  13th  shot  was  a  spherical  lt)3-lb.  ball  fired  at  the  unbacked 
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Fm.  99, 


Flo.  100. 


7)-meh  plate  from  the  lO^in.  ArniBtrong  gun,  with  45.  Hm  of 
powder,  at  a  utriking  velocity  of  1627  feet.     The  effect  was  of 

coune  chiefly  local. 
The  plate  was  deeply 
indented  and  torn, 
horizontally  and  ver- 
tically. The  cracks  at 
the  rear  were  2  in. 
wide. 

187.  lOi-lKCH 

Ball  ;  Soott  Rub* 
8Kfx*8  Taboet.  (Figs. 
99  and  100.)— On  the 
2Gth  of  June,  1862, 
a  lO^in.  wrought-tron 
ball  was  fired  with  50 
lbs.  of  |K>wder — range 
2iK)  yards  — at  Mr. 
Scott  RutMelPs  tai^t. 


1 


I 


faDa  RumP  a  iMrwH.     FroaL 


Scott   Ruii«ell*t 
target    t^ertion. 

This  was  composed  of  ««'^'  i  to.  to  i  it 
4  rows  of  plates  4f  in.  thick,  and 
al>out  2  feet  wide,  making  a  wall  29 
ft.  10  in.  X  9  ft  9  in.,  with  2  ports  or 
embrasures.  Tlie  backing  was  com- 
posed of  three  1-in.  plates  and  two  |- 
in.  plates  which  represented  the  skin 
of  the  ship,  making  K|  in.  of  iron  in 
all.  The  construction  of  the  target 
at  the  rear  consisted  of  2  longitudinal 
stringers  •%)  in.  deeji,  one  ab«>vc  and 
the  other  below  the  port ;  also  2  iron 
water-ways  rcpres4*nting  the  upper 
and  main  decks.  Tlie  vcrti(*al  rilis 
A  lining  of  half  inch  iron 


So^.  «  m.  to  1  ft 

1^4  in.  deep  and  21}  in.  afNut. 
was  plaoed  on  tlie  apiK*r  )>art  of  the  target ;  the  remainder  was 
ItA  open  to  aUow  the  skin  to  be  examined.     Between  the  armor- 
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plates  were  T-irons  riveted  to  the  iron  backing,  and  upeet  over  the 
edges  of  the  plates  to  hold  them  in  place,  instead  of  bolts.  There 
were  4  rivets  through  one  plate,  but  no  bolt  nor  other  rivets. 

The  shot  (162-lb.  spherical)  struck  with  about  1600  ft.  velocity, 
breaking  a  hole  through  one  armor-plate  and  cracking  another. 
Two  feet  of  the  continuous  riveting  was  sheared  off.  At  the  back, 
a  vertical  rib  and  the  skin  were  broken  through,  and  the  iehUe 
tnass  was  moved  back  ^  inch.  The  shot,  much  flattened,  was 
thrown  5  yards  forward  towards  the  gun. 

188.  10  J-Inch  Ball  ;  Minotaub  Tabobt.— On  the  7th  of  July, 
1863,  the  lO^in.  Armstrong  smooth-bore  was  fired  at  the  Mino- 
taur target,  composed  of  3  plates,  each  12  ft.  6  in.  x  3  ft.  4  in.  x 
5^  in.  thick,  backed  by  9  in.  of  teak  and  f-in.  skin,  supported  on 
ships'  frames.     Kange,  200  yards. 

The  Ist  shot,  a  150-lb.  cast-iron  ball— charge,  50  lbs.  --knocked 
a  12-in.  disk  out  of  the  middle  plate  and  13  in.  into  the  backing. 
The  whole  plate  was  driven  in  about  1  in. ;  9  bolts  and  1 1  rivets 
were  started  in  the  plate  struck,  and  in  the  other  plates ;  2  ribs 
were  broken ;  the  horizontal  girder  was  carried  away ;  and  the 
target  was  generally  strained  and  bent. 

The  2d  and  3d  shots — same  weight  and  charge — smashed  clean 
holes  through  the  taiget,  starting  more  bolts  and  somewhat  strain- 
ing the  target ;  but  the  effect  was  mostly  locaL 

The  4th  shot,  a  162-lb.  >vrought-iron  ball— chaige,  60  lbs.— 
struck  near  the  1st,  broke  through  the  outer  plate,  and  remained 
in  the  indent.  The  plate  was  much  buckled  and  the  backing 
smashed  to  6  in.  thick.  The  whole  target  was  tremendously 
shaken ;  2  ribs  and  the  horizontal  girder  were  bent ;  the  skin  was 
bulged  but  not  torn ;  4  bolts  were  broken.  The  local  effect  was 
much  less  than  No.  1,  but  the  shock  was  distributed  over  a  block 
of  masonry  in  the  rear,  on  which  it  leaned  through  intervening 
struts. 

189.  301-LB.  Rifle-Shot  and  150-lb.  Balls;  Chalmkbs 
Taboet. — On  April  27th,  1868,  the  following  heavy  shot  were  fired 
at  200  yards  range,  at  the  Chalmers  target  (Fig.  101).  This  tai|^ 
was  composed  of  8f -in.  annor-plates  backed  by  alternate  layers 
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Fio.  101. 


of  timber  uid  iron  l<>f  in.  thick,  placed  horizontallj  and  bolted 

together;  then  a  2d  armor-plate  1^  in.  thick,  witli  a  cufthion  of 

timber  8)-in.  between  it  and  the  f-in.  skin.     The  iron  plates 

between    the    1st    and 

2d  armor-plates  stood 

edgewise,  and  were   | 

in.  thick  and  5  in.  apart 

The  btJts  were  2^  in. 

diameter,   with   elastic 

vaiJiers. 

After  ^C  mnnds  from 
tfar  t;s.pottnder  smooth- 
UiTD  and  110-iMiunder 
rifle,  a  2^nAh.  solid  steel 
th«4  was  fired  with  45 
lbs.  |M»wder  from  the 
Armatning  l<^in.  rifle. 
It  struck  at  the  jnnc^ 
tiim  of  two  plati's  and 
made  a  clean  hrcadi 
thmogli  the  tai^t, 
liaifnni;  it  t^v'nsiderablv,  i 
MnMhtnft  one  rib,  and 
brraking  ImJu  and  riv- 

The  next  ^hot  was  a 
l^t-lfi.  r»kt-iron  sph«*re 
— frvKn  the  same  pnn 
-diarise,  50  lbs.  It 
•mmthrd  an  itident  to  a 
«lf74h  ««f  II  in. ;  broke 
:;  |p4t«  and  5  rivets 
iioitfr«l  f»ut  ±  tUm  and 
thr  skin«  an«l  affected 
the  iMM-kinir  <»ver  a 
of  3  iT  2  fivt. 


TIm  (luUowriUrsct 
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The  last  shot,  the  same  as  the  above,  smashed  to  the  depth  of 
12  in.,  and  broke  up ;  2  bolts,  8  rivets,  and  1  rib  were  broken ;  the 
comer  of  the  plate  struck  was  detached  and  forced  into  the  back- 
ing.    The  skin  was  slightly  cracked. 

This  is  considered  the  strongest  plan  of  armor,  for  a  given 
weight,  that  has  been  tried  in  England. 

1 89  A.  150-i,B.  Ball  and  800-lb.  Bolt  ;  Bellerophon  Tar- 
get.— On  the  8th  of  December,  1863,  various  projectiles  were 
fired  at  a  target  (Fig.  101  A),  consisting  of  6  inches  of  solid  iron, 
10  inches  of  oak,  and  IJ-in.  skin  held  by  heavy  ribs  ;*  range,  2C0 
yards.  A  lOj-in.  1 50-lb.  steel  ball— charge,  35  lbs.— struck  the  tar- 
get on  the  joint  of  two  plates,  which  it  punched,  imbedding  itself 
in  the  backing,  breaking  a  rib  and  two  bolts,  slightly  cracking 
the  skin,  and  bulging  it  2  in.  The  eflTect  was  wholly  local  A  cast- 
iron  ball  from  the  same 
gun,  with  the  same  charge, 
broke  through  the  plate, 
and  slightly  bulged  the 
skin. 

A  300-lb.  bolt  from  the 
same  gun,  with  the  same 
chai^,  struck  near  the 
centre  of  a  plate,  and  in- 
dented it  only  2-8  in.  The 
plate  was  driven  in  2*1  in. 
in  a  length  of  5  feet  at 
tlie  bottom,  started  out  *4 
in.  in  a  length  of  2  ft.  at 
the  top,  and  cracked  for 
a  length  of  18  in.;  but 
no  through  -  bolts  were 
broken,  and  the  target, 
considered  a^the  side  of  a 
ship, was  almost  uninjured. 


Fio.  101  A. 


The  BaUerophon  tmrget    Scale,  4  ixL  to  1  ft 


*  See  diapter  on  KzperimeDts  egainst  Armor. 
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lOO.  A  few  of  the  English  experiments  with  smaller  guns, 
throw  some  light  on  this  question;  for  instance,  those  of  May  16, 
1861,  with  the  110-pounder  Armstrong  rifle  against  2-in.,  2^in., 
and  3^in.  x  5^  x  2|ft.  plates  laid  upon  masonry.  The  first  6  shots 
struck  bolts  or  former  fractures  or  the  corners  or  junctions  of  plates, 
and  produced  wholly  local  effects.  The  7th  shot  hit  the  centre  of 
the  lower  3^in.  plate,  started  1  bolt  1  in. ;  plate  very  slightly  bent ; 
depth  of  indent  very  small  indeed ;  plate  not  damaged  at  all ;  a 
great  deal  of  nuuonry  shaken  dovm  from  the  top.  Nearly  all  the 
following  shots  up  to  the  27th  hit  upon  previously  damaged  parts. 
The  27th  hit  the  3d  plate,  upper,  near  the  centre ;  broke  away 
the  lower  half,  leaving  the  piece  supported  by  1  bolt ;  broke  away 
and  shattered  the  masonry  around,  and  started  the  plates  and 
brought  down  some  more  masonry. 

191.  OetackiBff  Amor  by  Heavy  Shot  Considered. — The 
penHraiion  of  plates  up  to  6  inches  thickness  by  13-in.  and  15-in. 
balls,  does  not  establish  the  advantages  of  this  particular  sys- 
tem of  destroying  iron-clads.  It  is,  on  the  contrary,  the  highest 
result  of  the  punching  system.  To  shatter  or  to  strip  the  target, 
the  powder  must  propel  more  weight  at  a  lower  velocity,  or  the 
target  must  offer  so  much  local  resistance  that  the  effect  of  the 
blow  will  be  distributed  over  the  structure  and  fastenings.  Only 
a  few  of  the  foregoing  experiments  illustrate  the  system  under 
consideration.  For  instance^  the  effect  of  the  15-in.  shot  upon 
the  10-inch  target,  clearly  indicates  the  weak  point  of  solid  ]>lates 
merely  bolted  to  the  ship — the  Warrior  system.  The  shot  cracked 
and  broke  through  the  4^in.  outer  plate,  backed  as  it  was  with  6 
in.  of  iron,  besides  20  in.  of  oak;  and  experiments  have  clearly 
demonstrated  that  iron  backing  saves  the  plate  struck.  After  break- 
ing through  the  4|-in.  plate,  it  still  had  the  6  in.  of  iron  and  20  in. 
of  oak  before  it,  instead  of  the  Warrior^ %  18  in.  of  teak  and  f-in.  iron 
skin.  On  the  other  hand,  the  American  4^-in.  plate  was  undoubt- 
edly inferior  to  the  British  4^in.  plate — ^not  as  iron,  but  as  armor.* 


*  Ttiis  subject  wiU  be  further  disciiBsed.     Like  the  early  British  plates^  the  Ameri- 
can thick  plates  are  nearly  aU  too  bard. 
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The  former  cracked  without  bending  much ;  the  Warrior  plates 
are  greatly  indented,  bent,  and  npeet  by  shot,  before  Berious  frac- 
ture  occurs  (212).  Again,  the  iron  backing  of  the  10-in.  target 
diminished  the  local  effect  of  the  blow.  But  the  lees  power  a  ahd 
devotes  to  local  effect,  the  more  it  reserves  for  racking  the  whole 
structure.  The  1 10-pounder  did  not  shake  down  the  masonry  until 
it  struck  a  plate  that  it  could  neither  penetrate  nor  greatly  indent. 
Hence  the  10-in.  target  was  peculiarly  adapted  to  suffer  racking, 
while  the  ductility  and  the  elasticity  of  the  Warriar^n  side  are 
better  calculated  to  resist  it. 

109.  After  all,  it  is  not  so  much  a  question  of  plates  as  of 
bolts.  If  the  15-in.  shot  goes  thrauyh  the  Warriory  no  matter 
about  the  fastenifags ;  if  not,  the  greater  the  bending  of  the  plates, 
and  the  elasticity  of  the  structure,  the  greater  the  strain  u{Hm  the 
bolts.  And  if  one  plate  is  thrown  off,  the  ship  is  at  the  mercy  of  15- 
in.  shells.  It  is  thus  clear  that  with  the  Warrior  sjstem  of  armor, 
up  to  6  inches  thickness,  there  is  a  very  unsatisfactory  margin  of 
safety  between  penetration  on  the  one  hand  and  displacing  the 
armor  on  the  other.  While  tlie  superior  resistance  of  solid,  as 
compared  with  laminated  armor,  to  punching,  has  been  demon* 
strated  at  great  cost  (197),  the  difficulty  of  properly  fastening  it, 
although  encountered  to  some  extent,  with  light  shot,  has  only 
been  appreciated  after  whole  British  and  French  iron-clad  fleets, 
and  several  American  vessels  on  the  same  plan,  have  been  ct>m* 
pleted.  It  may  hardly  turn  out  to  be  a  fatal  defect;  it  will  cer- 
tainly prove  to  be  a  serious  embarrassment. 

193.  As  compared  with  thelO-in.  target  (179)  struck  by  the 
15-in.  shot,  the  Inglis  12  and  13-in.  target  (185)  was  better  calculated 
to  resist  local  effect  and  to  suffer  distributed  racking  and  vibration. 
Although  it  was  {>erforated  with  many  large  bolt-holes,  and  the 
slabs  were  so  thick  and  narrow  as  to  be  easily  cracked,  it  was  ex- 
cessively rigid.  The  outer  slal)s,  already  thick,  had  a  backing  i>f 
5-in.  slabs  and  7  x  9-in.  beams,  which  should  reduce  the  piiiTching 
effect  of  a  shot  as  compared  with  the  G  flexible  1-in.  plates  and  the 
20  in.  of  oak  behind  the  outer  plate  of  the  10*in«  target  And, 
while  the  latter  backing  was  both  elastic  and  ductile,  so  as  to  yield 
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locally,  the  solid  iron  backing  of  the  Inglis  target  could  not  yield 
locally,  but  had  to  shiver  all  over  when  it  was  hit.  8till,  the  local 
effect— the  evidence  of  power  locally  expended — was  greater  upon 
the  Inglis  taiget  than  upon  the  10-in.  target,  and  the  distributed 
effect  was  less,  which  only  shows-  that  the  simple  15-in.  cast-iron 
ball,  at  the  moderate  velocity  of  900  feet,  is  better  for  racking  pur- 
poses than  the  costly  rifle-bolts,  which  require  enormous  charges 
and  excessively  strong  guns.  Even  the  heavy  and  the  light  rifle- 
bolts  produced  this  effect  in  a  greater  or  less  degree,  resj)ectively, 
although  the  velocity  of  all  of  them  was  too  high  to  exert  much 
distributed  effort.  On  the  other  hand,  the  bolts  of  the  yielding 
10-in.  tai^t  and  of  the  comparatively  elastic  T^-in.  target  (i86) 
were  more  likely  to  be  thrown  out  than  those  of  the  rigid  Inglis 
armor. 

The  7i-in.  tai^t  was  perhaps  more  likely  to  be  thrown  apart 
by  vibration  than  the  10-in.  target,  because  it  was  best  of  all  the 
three  to  resist  punching,  the  plates  being  both  thick  and  large. 
It  did  suffer  rather  more  from  vibration  than  the  Inglis  target,  but 
less  than  the  10-in.  target,  considering  that  the  latter  received  but 
one  shot ;  which  further  proves  the  superiority  of  heavy  balls  for 
this  particular  work. 

On  the  whole,  the  15-in.  ball  appears  to  have  been  capable  of 
doing  the  greatest  damage  by  vibration  to  either  of  the  three  tar- 
gets (see  Table  28),  although  the  bolts  were  perhaps  thrown  out 
of  the  10-in.  tai^t  that  it  did  strike,  more  easily  than  they  would 
have  been,  by  a  similar  blow,  out  of  the  Inglis  and  the  7i-in.  tar- 
gets, which  had  elastic  washers.  This  latter  defect,  however,  may 
be  remedied  (204),  so  that,  1st,  the  general  straining  and  weaken- 
ing of  a  ship's  side,  and  the  leakage  and  the  more  gradual  reduc- 
tion of  resistance  to  shot  due  to  it,  are  likely  to  be  the  principal 
effects  of  vibration.  2d,  the  15-in.  ball  at  900  ft.  velocity  is  more 
formidable  in  this  regard  than  the  200  to  300-lh.  rifle-bolt  at  1100 
to  13(X)  ft.  velocity.  And  hence  it  is  fair  to  presume  that  the  20- 
inch  ball,  at  a  still  lower  velocity,  will  be  the  most  formidable 
weapon  at  present  known  for  this  kind  of  attack. 

19S  A.  A  fine  illustration  of  the  effects  and  advantages  of 
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light  shot  at  high  velocities,  as  compared  with  heavy  shot  at  low 
velocities,  was  given  in  the  experiments  against  the  Bellercplu^n 
target.  A  150'lb.  steel  ball  punched  the  6-inch  solid  iron  at  the 
junction  of  two  plates,  embedding  itself  in  the  backing,  hreakifig 
a  rib  and  two  bolts,  and  cracking  open  and  bulging  the  skin.  A 
cast-iron  ball — gun  and  charge  the  same^also  went  through  into 
the  backing  and  bulged  the  skin.  But  a  800-lb.  bolt,  from  the 
saine  gun  with  the  same  charge^  indented  the  plate  2*8  in. ;  started 
the  corners  of  it  out  less  than  half  an  inch  and  made  a  crack ;  bat 
broke  no  through-bolts.  The  target,  considered  as  a  ship,  was 
uninjured. 

The  150-lb.  ball  struck  at  the  junction  of  two  plates,  which  un- 
doubtedly increased  its  penetration ;  but  it  must  also  be  consid- 
ered, 1st,  that  the  800-lb.  bolt  wasted  less  power  locally  in  striking 
the  centre  of  a  plate  than  if  it  had  also  struck  a  joint ;  and  2d,  that 
it  strained  the  gun  very  much  more  than  the  150-lb.  ball  strained 
it.  With  a  50  or  60-lb.  chai^,  and  the  same  strain  upon  the  gun, 
the  150-lb.  ball  would  obviously  have  broken  through  the  target. 

194.  Solid  and  Laminated  Armob. — ^Whatever  may  be  the 
relations  of  the  present  guns  and  the  present  armor,  both  are  to  be 
vastly  improved.  The  fabrication  of  great  guns  that  will  stand 
proportionate  charges  is  beset  with  formidable  difficulties,  while 
the  particular  weakness  of  ships  that  great  guns  discover  may  be 
remedied  by  simply  improving  the  fastenings  of  armor.  Lamina- 
ted armor — layers  of  thin  plates  breaking  joints — takes  hold  of  a 
large  area  of  the  ship^s  side,  and  has  great  continuity  and  tenacity 
compared  with  single  rigid  detached  slabs,  held  each  by  its  own 
fastenings  without  aid  from  the  rest.  In  addition  to  this,  lamina- 
ted armor  forms  a  practically  continuous  girder  to  resist  the  other 
strains  brought  upon  the  vessel,  while  detached  solid  plates  are 
loosened  by  the  working  of  the  hull  in  a  sea-way. 

10<S«  Americans,  having  great  guns  and  knowing  their  effects, 
at  once  Rele<;ted  laminated  armor  for  the  purpose  of  resisting  (hea^ 
efects;  Europeans,  having  the  guns  necessary  for  high  velocities, 
adopted  solid  armor  to  resist  punching.  But  laminated  armor 
can  be  most  easily  punched :  then — ^the  American  theoiy  is — it 
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must  be  made  thicker,  for  a  given  weight,  by  being  reduced  in 
area — in  short,  tlie  Mtmitor  principle  of  low 
decks  and  turrets  or  short  casemates  must  be 
substituted  for  the  Warrior^  or  more  especially 
the  Minotaur  system,  of  thin  armor  over  alL 

196.  The  inferior  resistance  of  laminated 
armor  as  compared  with  solid  armor,  to  can- 
non^hot,  has  been  demonstrated  by  a  number 
of  experiments,  which  will  be  more  fully  de- 
scribed in  a  following  chapter. 

197.  In  1861,  a  target  proposed  by  Mr. 
Hawkshaw,  composed  of  a  front  l^-in.  plate 
and  seven  f-in.  plates  (total  thickness,  6  in.), 
fastened  together  by  alternate  rivets  and 
screw-bolts  8i  in.  apart  all  over  the  target, 
and  without  wood  backing,  was  completely 
punched  by  both  the  110-pounder— charge,  14 
lbs.,  and  the  68-pounder — charge,  16  lbs. — at 
200  yards. 

198.  Another  target  constructed  on  the 
same  principle,  of  a  l^-in.  plate  and  thirteen 
}-in.  plates  (Fig.  102),  the  measured  thickness 
being  10  in.,  and  similarly  screwed  together,  without  wood 
backing,  was  broken  through  at  the  back  and  much  indented 
by  the  110-pounder  and  the  68-pounder — charges  and  range  as 
before.  The  material  in  both  these  targets  was  the  best  boiler- 
plate, and,  being  thin,  was  of  course  sound  and  well  worked. 

199.  There  have  been  no  experiments  in  England  with  the 
hetter  dass  of  4i-in.  solid  plates  without  wood  backing ;  so  that 
the  merits  of  solid  and  laminated  armor  cannot  be  absolutely 
determined  from  these  experiments.  But  it  is  absurd  to  suppose 
that  18  in.  of  teak  backing*  is  equivalent  in  any  particular  to  the 


The  Hawk  si  in  w  10-in. 
target. 


^  Backing,  In  a  paper  read  before  the  BriUsh  Association  in  1863,  Professor  Pole 
stated  what  is  generally  considered  in  Englan  I  to  be  the  true  office  and  value  of  wood 
backing.    It  does  not  add  any  appreciable  strength  or  resistance  to  the  armor-plate,  but, 

1st,  It  distributes  the  blow ; 
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5^  in.  of  iron  behind  the  front  4|  in.  of  the  Hawkshaw  target ;  and 
it  is  well  known  that  a  good  4i-in.  plate  backed  with  18  in.  of  teak,  is 

neither  punched  nor  much  fractured 
by  the  110-pounder  or  the  68-pounder 
at  200  yards  (177  B). 

300.  But  certain  American  ex- 
periments are  more  conclusive  on 
this  subject.  At  the  Wasliington 
Navy  Yard,  in  the  spring  of  1863,  a 
10-in.  130-lb.  cast-iron  spherical  shot 
was  fired  with  43  lbs.  of  powder — 
range,  200  yards — through  a  target 
(Fig.  103)  composed  of  six  platea 
making  an  aggregate  thickness  of  6^ 
in.,  backed  by  18  in.  of  oak.  The 
target  was  about  15  ft.  square,  and 
was  the  same  as  that  used  in  the  ex- 
periment with  the  15-in.  shot  (179), 
except  that  the  outer  4i-in.  plate  was 
removed  (Fig.  104).  The  shot  made 
a  clean  breach,  as  shown  by  Fig.  103, 
and  passed  some  100  yards  to  the 
rear. 

901.  One  only  of  two  lOf-in.  150- 
Ib.  balls  fired  with  50  lbs.  of  powder, 
and  therefore  more  powerful  than  the 
130-lb.  ball  last  mentioned,  was  able 
to  penetrate  the  Warrior  target  at  Shoeburyness — a  4J-in.  plate 
bac*ked  with  IS  in.  of  teak  and  a  f-in.  skin.  And  two  150* lb. 
balls  fired  with  40  lbs.  of  powder  did  not  get  through  the  back- 
ing of  the  Warnar  target. 

SHKI.  The  reason  why  laminated  armor  is  more  easily  pierced 


Section  of  6 1  in.  laminated  target 


2d,  It  ia  a  soft  cushion  to  deaden  the  vibration  and  tare  the  (afltenings; 
.^d,  It  catdies  the  splintera;  and 

4th,  It  fitiU  holds  the  large  disks  that  may  be  broken  out  of  a  plate,  flrmljr  eixMifh 
to  resist  sheUs  (103). 
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than  solid  armor,  is  thus  explained : — In  a  punching  machine,  the 
resistance  of  a  plate  to  punching  is  directly  as  the  fractured  area. 


Fia.  104. 
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Side  and  front  of  6^in.  laminated  target 

that  is  to  say,  directly  as  the  thickness  of  the  plate,  for  a  given 
diameter  of  hole.  But  the  resistance  of  a  plate  to  punching-«Ao^ 
is  found  to  be  about  as  the  square  of  its  tliickness.  Now,  in  a 
machine  there  is  a  die  under  the  plate,  which  prevents  the  metal 
around  the  punch  from  breaking  down.  Under  an  armor-plate 
there  is  no  such  die ;  the  metal  under  the  punch  carries  the  adja- 
cent metal  with  it,  and  the  hole  at  the  back  is  very  much  larger 
than  the  hole  at  the  front*  So  that,  while  in  a  machine  the  frac- 
tured area  (Fig.  106)  would  be  a  (?,  under  the  blow  of  a  ball  it 
would  be  a  ^,  or  at  least  so  much  larger  than  the  united  fractured 
areas  of  the  thin  plates  forming  the  laminated  armor  (Fig.  105)  as 
to  account  for  the  superior  resistance  of  solid  plates.  Fig.  104 
represents  a  10-in.  shot-hole  made  at  the  Washington  Navy  Yard 
through  a  laminated  target  As  there  was  no  continuity  of  sub- 
stance, the  plates  received  no  aid  from  each  other. 

303.  It  should  be  remarked,  however,  in  favor  of  the  solid 
armor,  that  so  long  as  the  shot  is  not  powerful  enough  to  make  a 
clean  breach  through  backing  and  all,  the  large  disk  broken  out 
of  the  solid  plate  remains  fixed  in  the  backing,  and  is  still  a  good 
protection  against  common  shells  and  light  missiles,  while  the  disks 
broken  out  of  laminated  plates,  are  not  lai^e  enough  to  remain 


*  It  is  possible  to  imagine  Telodties  ao  great  that  the  metal  around  the  shot  would 
Bol  hare  Um€  to  be  carried  away.    Bee  also  i6i 
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iipright  and  solid  in  the  backing,  nor  massive  enough  to  stop  the 
smallest  cannon  missiles. 
Fio.  105. 

904.  The  thin  armor- 
plates  employed  to  give  con- 
tinuity to  the  side  of  a  ship, 
need  not  constitute  the  entire 
protection.  The  14-in.  armor 
(i8i) — six  1-in.  plates,  one 
4-in.  plate,  and  four  1-in. 
plates — illustrates  the  princi- 
ple of  the  Dictai€r*8  armor. 
The  outer  thin  plates,  break- 
j^  ing  joints,  may  be  compared 
to  a  continuous  elastic  skin 
which  holds  the  thick  resist- 
ing plates  in  their  places. 
The  inner  thin  plates  are  an 
elastic  backing,  which  gives 
room  for  the  thick  plate  to 
yield  without  breaking  thog^^^  ^  ^^^^^^^ 
ribs,  and  prevents  damage  thnmgh  loUd  amor, 
irom  splinters.  Mr.  Scott 
Russell's  armor  (Fig.  107)  is  a  vast  improvement  on  the  Warrior^s 
(Fig.  108)  in  this  regard.  The  plates  would  have  to  be  broken 
into  small  pieces  before  they  could  be  thrown  out  by  the  vilwra- 
tions  of  the  ship's  side.  The  elastic  bolt  (Fig.  109)  will  obviously 
relieve  the  effects  of  heavy  shot. 

305.  SmaAlBff  Skip's  Mdet  bjr  HeaTy  Mot  CoMiMered. 
— ^Tbe  more  remediless  but  difficult  work  expected  of  heavy  shot  is 
to  smash  the  side  of  the  ship — ^to  cripple  the  armor,  tear  open  the 
skin,  break  the  ribs,  and  shake  the  whole  structure  so  violently  aa 
to  cause  either  serious  leaks  or  an  impaired  resistance  to  farther 
blows. 

906.  The  resistance  of  a  ship's  side  to  this  kind  of  i 
not  be  truly  ascertained  by  firing  at  small  targets. 


Section  of  shot-hole 
through  laminated  ar- 
mor. 


>ult  can- 
The  large 
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ha«  the  greater  inertia  and  presents  the  greater  ret^i^tance  to 
fracture  when  the  blow  is  hIow  enough  to  allow  the  surrounding 
elai4irity  and  tenacitj  to  be  called  into  service.  It  u  {K>s8ible  that 
the  l<^in.  taigct  (179)  was  so  well  braced  and  had  so  much  inertia 
(it  was  al>out  15  feet  square,  but  only  half  its  fac*e  was  platiMl),  that 
greater  size  would  not  have  added  to  its  strength.  But  it  was 
neither  overturned  by  the  15-in.  shot,  nor  violently  shattered  ex- 
ce{>t  in  the  fastenings  of  the  plates.  The  Inglis  target  (i8s)  and 
the  7^-in.  target  (186)  were  assaulted  with  excessive  Wolence,  and 

Fia  108. 


V/// 

Seciioo  of  th«  Warrior' i  annor. 


certainly  racked  and  crippled ;'  but  they  held  their  ground, 
and  the  pUte*  were  not  thrown  Fio-  i<^. 

i4L  Altbougfa  the  ttrmining  and 
breaking  of  the  ribt  would  prob- 
aUy  hare  caiMed  leakage,  it  by  no  win^-mpt  boU  for  amor. 

mean^  folkiw*  that  the  buoyancy  of  a  ship  with  many  compart- 
mtnti  Would  hare  been  seriously  impaired. 
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Um  nmge  bappeiiB  to  be  short,  and  the  armor  thin,  it  makes  a  laige 
liule,  while  a  mall  shot,  at  say  doable  the  velocity,  would  make 
its  little  hole  not  only  so  suddenly  that  the  surrounding  parts 
would  not  be  shattered,  but  with  a  small  portion  of  its  power,  the 
remainder  being  lost,  or  at  least  not  expended  on  the  armor.  This 
theorr  is  to  be  carried  out,  not  by  the  small  projectiles  at  high 
velocities,  nor  heavy  projectiles  at  low  TehK*itiei«,  but  by  a  happy 
ialermediate  system  of  ordnance,  that  will  ^^  waste  no  power  ^  in 
any  case,  but  inflict  the  maximum  damage  upon  the  enemy,  when 
tbe  drrnmstances  are  favorable. 

••8.  LoTAi.  EmBTT  PRKvnrra  Distkibutkd  Effect,  and  Yice 
Vkxsa. — A  very  important  element  has  obviously  been  omitted  in 
this  calculation.  The  Mme  power  that  indents  a  plate  cannot  di»- 
lurate  it.  Whatever  effort  is  added  to  the  one  kind  of  destructive 
dbt-t,  i^  subtracted  from  the  other.  The  probability  of  penetra- 
ti«iQ  has  been  riMluccd  by  making  the  shot  large,  and  hence  blow. 
If  it  does  not  actually  penetrate,  a  large  part  of  its  power  has  been 
cmpkiyed  in  tlie  fruitless  local  work  of  partial  penetration,  and 
only  the  residue  of  it  can  be  utilized  in  racking  the  structure  else- 
where. Or«  in  other  words,  the  probability  of  racking  and  strain- 
in|t  the  whole  structure— of  serious  diittributM  effect — ^has  been 
nedored  by  making  the  shot  light  and  fast  enough  to  de%'ote  much 
of  its  ]MiwcT  to  a  local  effort  that  is  useleM,  because  it  is  incom- 
plete. Had,  for  instance,  the  150-lb.  Armstrong  spherical  shot,  in 
all  the  rases  in  Table  2S,  l)cen  either  much  lighter  or  much  heavier, 
it  would  have  cmphiyed  the  whole  force  of  tlie  )>owder  in  \>ne  way 
or  the  i»tlier.  Its  local  effect  was  certainly  tremendous,  but  it 
ftetther  slunk  off  tlie  plates  nor  went  through  any  stnmg  target 
Thr  same  may  be  said  of  all  the  shots  fn>m  similar  guns.  Indeed, 
the  whole  table  is  full  of  instruction  on  tliis  jwint.  Notwith- 
standing tlie  tremend<ms  assault  U{Nm  the  IS-in.  and  the  7^  in.  tar- 
grf«,  they  were  neither  punche<l  nor  shaken  down.  TIic  pnijec*- 
talt<«  « ere  just  heavy  enough  to  prevent  the  fin*t  effc«*t,  and  just 
light  eoovgfa  to  avoid  the  other. 

But  it  is  f>eriiiuf»ly  argued  that  if  a  shot  does  not  go  entirely 
tknuifrh  a  plate,  its  veUicity  is  S4»  reduced  while  passing  into  the 
11 
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plate,  that  the  surrounding  metal  will  have  time  to  distribute 
the  shock.  Undoubtedly ;  and  if  the  shot  were  still  slower  and 
heavier,  so  that  it  would  indent  the  plate  less,  there  would  be 
more  shock  to  distribute.  To  drive  a  shot  half  way  through  an 
iron  target,  or  even  to  considerably  indent  it,  which  any  conceiva- 
ble cannon-shot  however  slow  must  do,  certainly  absorbs,  neutral- 
izes,  uses  up  a  certain  and  no  inconsiderable  amount  of  power. 
That  power  does  nothing  else,  and  it  is  only  the  fraction  of  power 
remaining  in  the  shot  that  inflicts  other  damage  upon  the  target. 
If  all  the  shot  could  be  expected  to  strike  in  the  same  place,  or  if 
an  iron-clad  battle  could  be  expected  to  last  long  enough  to  wear 
out  armor  by  perpetual  hammering,  this  system  would  be  leas 
objectionable. 

909.  The  less  a  target  resists  local  effect,  the  more  it  reeists 
distributed  effect.  The  13-in.  shot  at  800  yards  neither  punched 
nor  overturned  the  Warrior  A\An,  tai^t  nor  shook  off  its  plates, 
because  the  target  was  simply  smashed  tlirough  within  a  small 
area.  The  shield  was  shattered,  but  it  saved  the  enemy  behind  it. 
The  150-lb.  ball  did  not  shake  the  Warrior  target  and  its  support- 
ing masonry,  until  it  struck  in  front  of  solid  timber  backing  2  ft. 
square,  which  it  could  not  penetrate.  A  salvo  from  three  110- 
pounders,  two  68-pounders,  and  one  140-pounder,  smashed  a  hole 
entirely  through  the  "  Committee  target,"  but  did  not  loosen  a  sin- 
gle bolt.  The  effect  was  wholly  local.  The  300-pounder  bolts 
racked  the  7|-in.  target  very  little  until  the  301-lb.  steel  boll 
struck  over  a  rib,  so  that  its  indentation  was  only  6  inches. 
Then  a  bolt,  20  rivets,  and  the  horizontal  girder  were  broken,  the 
plate^)  thrown  out  at  the  endi^,  and  the  whole  tai*get  was  violently 
jarred.  The  160-lb.  ball  could  not  get  through  Mr.  Soott  Rus- 
sell's  target;  so  it  shoved  the  target  bodily  to  the  rear.  The 
wrought-iron  162-lb.  ball  was  too  soft  to  penetrate  the  Minotaur 
target,  and  therefore  shook  it  more  violently  than  the  cast-iron 
shots  of  the  same  size  which  retained  their  tigure  until  they  got 
through.  The  13-in.  Horsfall  shot,  at  200  yards  range  and  1681  ft. 
initial  velocity,  smashed  a  2\4t  hole  through  a  new  Warrior 
target  without  hucHding  the  plate  etmdc.     All  the  American 
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experiments  with  heavy  shot  and  very  thick  targets  lead  to  the 
same  conclusion. 

SIO.  The  plan  of  intermediate  weights  and  velocities  is  found- 
ed, to  a  certain  extent,  in  another  error,  viz. : — ^that  the  object  of 
projectiles  is  to  destroy  armor.  On  the  contrar}',  armor  is  in 
itself  harmless ;  the  active  enemy  is  the  guns  and  the  propelling 
machinery  behind  it.  If  only  the  shield  is  shattered,  iron-clad 
defences  have  accomplished  their  object.  Undoubtedly  armor 
could  be  most  completely  destroyed  by  knocking  off  the  corners 
of  the  plates,  and  dislocating  and  upsetting  them  all  over  with 
cracks  and  indentations.  But,  to  disable  the  enemy,  swift  pro- 
jectiles must  strike  him  throtigh  his  shield,  or  the  tremendous 
vibrations  of  heavy  balls  must  tear  his  shield  away  from  liim. 

31 1.  The  DucnuTT  of  the  Armor  Saves  the  Vessel  under 
Excessively  Low  Vklocities  of  Shot. — The  opposite  extreme  is 
to  increase  the  weight  of  the  projectile  to  the  utmost  extent,  and 
therefore  to  decrease  its  velocity  (the  strength  of  the  gun  being  the 
limit)  in  proportion.  But  it  is  impossible  to  avoid  expending  much 
power  in  simply  local  distortion  of  the  armor.  A  gun  capable 
of  throwing  a  hundred-ton  ball  would  not  be  attempted,  in  the 
present  state  of  the  art,  and  yet  a  7000- ton  ram,  at  the  velocity  of 
16  miles  an  hour,  or  less  than  24  feet  per  second,  would  not  shat- 
ter the  whole  side  of  a  ship.  The  principal  effect  of  collisions  is 
locaL 

The  elasticity  and  ductility  of  the  vessers  side  and  of  the  armor 
may  neutralize  the  effect  of  the  projectile,  if  it  is  slow  enough. 
A  Yery  swift  shot  completes  its  work  before  these  qualities  can  be 
called  into  action.  Even  a  plate  of  copper  or  of  gold  will  break 
short  instead  of  being  bulged  by  a  rifle-shot.  The  ductility  of 
wrought  iron  peculiarly  fits  it  for  this  service.  After  its  limit 
of  elasticity  is  overcome,  it  will  continue  to  stretch  or  compress, 
as  the  case  may  be,  instead  of  going  instantly  to  pieces.  At  the 
same  time  it  is  hard  enough  to  oppose  great  resistance  to  change 
of  figure.  Mr.  Mallett,  in  illustrating  the  safety  of  soft  wrought  iron 
for  cannon  (because  so  much  "  work  done"  is  required  to  stretch 
it  through  its  great  range  of  tenacity),  (352),  much  more  clearly 
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provefi  its  fitness  for  armor,  because  a  part  of  an  armor-plate  onoe 
strained  beyond  the  limit  of  its  elastidtj  may  not  be  hit  again, 
while  the  strains  of  each  fire  are  repeated  npon  the  same  parts  of  a 
gnn.  If  a  shot  moves  slowlj  enough  to  allow  the  iron  to  stretch 
even  bejond  the  limit  of  elasticity,  the  armor  on  the  side  of  the 
ship  may  still  absorb  its  power  without  even  firacture.  So  that 
this  extreme  is  equally  unfavorable  to  the  racking  of  the  ship. 

As  to  jarring  and  shaking  off  the  annor,  the  7000-ton  ram 
at  24  feet  per  second  would  be  the  wrong  instrument,  even  if  it 
were  blunt  pointed.  Such  a  projectile,  however,  is  so  excessively 
powerful,  as  compared  with  the  resistance  of  a  vessel's  side,  that 
no  cannon-ball  can  be  likened  to  it.  Estimating  the  work  done 
to  be  as  the  weight  multiplied  into  the  square  of  the  velocity,  the 
ram  would  do  nearly  28  times  as  much  as  a  15-in.  shot  at  900  ft. 
per  second.  Estimating  it  as  the  weight  multiplied  into  the  ve- 
locity, which  the  advocates  of  heavy  shot  believe  to  be  correct,  tlie 
ram  would  do  above  1000  times  the  work  of  the  shot 

SIS.  That  the  ductility  of  very  soft  metal  is  brought  into  ser- 
vice, even  when  the  velocities  of  shot  are  exoes- 
Fio.  110.  ' 

sively  high,  is  proved  by  the  bulging  of  the 

Thames  lion  Works  plate  (Figs.  110  to  113), 
by  the  blow  of  a  6d-lb.  8-in.  wrought-iron 
spherical  shot  with  22  lbs.  of  powder  and  a 
velocity  of  above  1800  feet  per  second,  at  50 
yards  range,  and  a  cast-iron  68-lb.  shot  with  16 
lbs.  of  powder  and  a  velocity  of  1579  feet. 
The  flattening  of  the  wrought-iron  shot  from  8 
Thames  Iron  Works  ^q  9  j^  diameter  across  the  front  of  the  indentar 
'  '    tion,  is  evidence  in  the  same  direction. 

SIS.  Inasmuch  as  a  shot  cannot  be  instantly  arrested,  the 
grand  aim  in  the  construction  of  armor  is  to  increase  this  ductility. 
In  the  earlier  practice, "  steel-clad"  ships  were  talked  of,  naturally 
enough,  because  steel  was  superior  to  iron  for  all  engineering  pur- 
poses. But,  upon  experiment,  steel  was  not  indeed  punched  in- 
stantly; it  cracked,  and  crumbled,  and  thus  failed  as  armor. 
Wrought  iron  of  high  tenacity,  known  in  other  construction  as 


REQUIREBfENTS   OP    GuNS — ArMOR. 


169 


ibe  best,  also  failed  in  a  similar  manner,  in  proportion  to  its  re- 
semblance to  steel.  On  the  other  hand,  excessive  ductility  is 
accompanied  bj  too  much  softness;  copper  is  too  easilj punched. 


Fig.  IIL 


Fio.  lis. 


Fio.  113. 


TliaiiieB  plate ;  Front  Thames  plate ;  Top.  Thames  plate ;  Back. 

But  thick  plates  of  wrought  iron,  however  soft,  fail  by  cracking. 
As  the  velocities  of  projectiles  increase,  this  tendency  will  of 
course  diminish. 

S14L  So  that  the  aim  of  armor-plate  makers  is  to  provide 
toughness  rather  than  tenacity.  The  difference  between  the  early 
American  plates  (the  early  English  plates  were  equally  bad)  and 
the  better  class  of  American  plates,  is  illustrated  by  comparing  the 
experiments  with  the  4i-in.  Dahlgren  target  No.  5  (Fig.  114),  and 
those  with  the  Nashua  plate  (Figs.  115  and  116).  The  former  tar- 
get, composed  of  a  4i-in.  plate,  98^  in.  long  and  48  in.  wide,  backed 
with  20  in.  of  white-oak  and  a  1-in.  skin,  was  set  against  a  bank 
of  earth  and  knocked  to  pieces,  as  shown,  by  the  following  shot, 
viz.: — 

I  cored  cast-iron,  ipherical,  ii-inch  i63>lb.  shot 30  lbs.  powder. 

I  steel,  flac-fironted,  40*7-lb.  shot 8  lbs.  powder. 

I  wronghc-iron,  spherical,  53-lb.  shot 17  lbs.  powder. 

I  solid  cast-iron,  spherical,  ii-inch  169-lb.  shot 30  lbs.  powder. 
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915.  The  Nashua  Iron  Works  foi^  plate  (Figs.  115  and  116^ 
was  4<)  in.  wide,  4jt  in.  thick,  and  16  ft.  long.  It  was  backed 
by  20  in.  of  oak  and  a  1-in.  iron  skin.     At  the  range  of  30 
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yards,  three  11-in.  169-lb.  cast-iron  balls,  and  three  186-lb.  wrouiAt- 
iron  balls  were  fired  in  the  order  marked  on  the  engraving,  with 
30  lbs.  of  powder.  Tlie  plate  was  considerably  bnlged,  and 
cracked,  and  was  broken  to  pieces  at  one  end  by  the  5th  shot. 
Xo  breach  was  made  through  the  entire  target. 
916.  The  better  class  of  modem  English  plates  is  shown  by 
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Figs.  117  and  118.  The  former  plate,  backed  like  the  Wa7*rtor 
target,  with  18  in.  of  teak  and  a  {-in.  skin,  received  six  68-pounder 
baUs  with  16  lbs.  of  powder,  at  200  yards  range,  in  a  space  27  in. 
square,  without  breaking  through.  Brown's  plate,  which  is  by  no 
means  his  best,  and  is  marked  '^A  3,"  was 
broken  through  by  4  balls  (charge,  backing, 
and  range  the  same),  striking  within  a  space 
about  17x27  in. 

317.  Difficulty  of  Adaptino  thb  Heavy 
Shot  System. — In  order  to  waste  no  power  by 
the  heavj'  shot  system — in  order  to  produce  the 
most  destructive  racking  with  the  least  local  • 
effect — ^both  a  medium  velocity,  and  an  exces- 
sively low  velocity  with  the  weights  of  shot  ^^^^  of  Nashua 
that  the  respective  guns  will  endure,  must  be 

avoided ; — ^which  does  not  leave  much  margin.  The  former  wastes, 
too  much  power  in  fruitless  local  effort ;  the  latter  enables  the 
elasticity  and  ductility  of  the  metal  to  prevent  the  destruction 
of  the  vessel ;  and  if  it  could  be  made  so  excessive  as  to  be  com- 
pared to  a  ram,  it  would  not^ar  the  plates  and  joints  loose. 

318.  Now,  supposing  the  weight  and  velocity  of  the  projectile 
to  be  adapted  to  any  particular  range  and  armor : — a  longer  or  a 
shorter  range  and  a  thicker  or  a  thinner  armor  would  obviously 
be  equivalent  to  giving  the  shot  too  much  or  too  little  velocity. 
The  contemplated  circumstances  of  greatest  effect  might  not  occur 
once  in  a  whole  battle.  What  is  the  proper  weight  and  velofjity, 
considering  the  wide  diversities  of  range  and  resistance?  What 
one  gun,  or,  if  it  were  practicable  to  multiply  varieties,  what  system 
of  guns  can  be  expected  to  hit  this  narrow  and  ever-changing 
mai^  of  maximum  effect  ?  Do  we  not  discover  in  these  inquiries 
the  serious  incompleteness  of  the  system  ? 

If,  on  the  contrary,  the  highest  attainable  velocity  (modified  in 
some  d^ree  by  other  considerations  which  will  be  further  men- 
tioned) were  given  to  the  projectile,  it  would  waste  the  least 
power  on  the  armor ^  and  reserve  the  most  to  devote  to  the  active 
enemy  within  it — ^the  men,  guns,  and  machinery. 


172 


Ordnance. 


FuL  lie 


\^:^^^^SS 


of  Nishua  Urg«t  after  aix  ll-in. 
with  80  Ibi.  powder  at  80  yarda. 


S19.  Othxb  DsFBcm  of  tbs 
Hbayt  Shot  Stbtem* — Snppoeiiig 
the  heavy  shot  to  aocompliah  the 
first  result  aimed  at— ^islocatiiig 
the  armor — a  reasonable  supposi- 
tion only  in  the  case  of  the  ITar- 
riar  class  of  armor.  The  enemy's 
shield  is  then  torn  away  from  him, 
and,  as  we  have  said,  he  is  at  the 
mercy  of  heavy  shells  with  encn^ 
mons  bursting  charges.  Bat  the 
shells  most  be  thrown,  and  most 
be  well  aimed.  There  is  no  ques- 
tion about  their  result  if  they  can 
be  properly  placed,  and  the  aocu* 
ncy  of  15-inch  spherical  projec- 
tiles, not  to  mention  that  of  mod- 
em rifloHBhells,  especially  from  the 
Armstrong  600-pdr.  (see  Chapter 
on  Projectiles),  is  remarkable; 
still  the  work  is  not  done  at  a 
stroke,  and  the  enemy  has  timt  to 
turn  away  his  wounded  side,  or  to 
better  his  position  by  some  other 
manceuvre. 

Or,  supposing  the  heavy  shot  to 
accomplish  the  second  reanit  aimed 
at— the  racking  of  the  veaBers8ide> 
or  the  shattering  of  a  portion  of 
her  side — still  the  active  enemy  is 
unharmed.  Ills  ship  may  leak, 
and  his  shield  may  be  crumbling, 
but  his  guns  and  machinery  are 
yet  in  action.  The  old  wooden 
walls  were  riddled  and  torn  for 
hours  before  fighting  and  mancduv- 
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ring  had  to  be  suspended.  It  was  not  iintil  shells  blew  great 
chasms  in  their  sides,  or  set  them  to  sinking  or  to  burning,  op 
slanghiered  their  crews,  that  their  power  of  offence  was  gone. 


Flo.  117. 


Iron  Co.*!  plat*.    "'A.  1" 


Bot  the  bnrsting  of  shells  will  not  destroy  armor — nor  the  enem  j 
vithin  it,  if  thej  do  not  go  through  it ;  iron  ships  will  not  bum; 

Pm.  lis. 


JobA  Brown  k  (>>.*■  platit.     "  T.  Good  A.  8.** 


win  ships  with  many  bulkheads,  both  vertical  and  horixontal, 
k,  mtil  they  are  shattered  from  end  to  end,  below  water.  The 
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Galena  (262)  was  put  hors  de  combat^  and  the  Keokuk  was  sank, 
and  the  Atlanta  was  disabled,  by  punching;  not  bj  smashing  or 
racking.  The  Merrimao  is  supposed  to  have  been  disoomlited  by 
11-in.  shot  at  very  low  velocities,  although  her  leaking  is  believed 
to  have  been  principally  due  to  the  strains  she  inflicted  upon 
herself  in  trying  to  run  over  the  Monitor.  She  was,  moreover,  a 
weak  vessel,  hastily  covered  with  the  ill-adapted  materials  at  hand. 

This  method  of  attack  would  probably  prolong  a  battle  to  such 
an  extent  that  rams,  torpedoes,  mortars,  and  various  means  of  dis- 
abling the  locomotive  power  of  ships,  might  decide  it  after  alL 
But  the  real  danger  of  a  prolonged  battle  is,  that  the  enemy  might 
get  within  shelling  distance  of  cities. 

990.  Breaking  a  disk  out  of  a  plate  and  driving  it  into  the 
backing,  is  a  frequent  result  of  firing  heavy  shot  at  the  Warrior 
class  of  armor;  it  occurred  when  the  169-lb.  (11-in.)  spherical  shot 
was  fired  at  the  10-in.  target  (180).  But  this  disk,  although 
detached,  still  remains  between  the  opposing  projectiles  and  the 
men  and  machinery  within  the  ship ;  and  it  is  amply  sufiicient  to 
keep  out  ordinary  shells  (203). 

391.  Greater  Strains  in  Large  Ouns. — The  greater  strains 
imposed  upon  large  guns ;  their  greater  weight,  size,  and  eo^t ; 
the  increased  risk  of  defective  material  in  large  masses,  and  the 
enormous  weight  (or  else  limited  supply)  of  heavy  projei*tiIes  to 
be  handled  or  transported  as  cargo,  are  serious  arguments  against 
the  heavy-shot  system.  Of  course,  spherical  shot  can  be  thrown 
at  given  velocities  with  less  power,  as  they  present  a  larger  area 
to  the  powder  than  elongated  projectiles  of  the  same  weight. 

As  to  the  greater  strain  upon  large  calibres,  for  a  given  work 
done,  Captain  Blakely  sa}^:*  ^^  In  tlie  32-pounder,  the  shot  moves 
from  its  position  just  fast  enough  to  enable  the  gas  of  the  gunpow- 
der to  expand  as  it  bums,  so  as  never  to  press  more  than  about  5 
tons  per  inch,  the  combustion  being  complete  when  the  shot  has 
moved  about  24  inches.  At  thin  periiKl  a  gas  which,  if  confined 
in  a  length  of  the  bore  but  8  inches  long,  would  give  a  pressure 

*  **  A  CiMAp  and  Simple  Method  of  SUnuOu^oriog  Slroog  Cuukml**    ISdl 
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of  3000  atmcMphereft  or  20  tons  per  indi,  lia^'ing  four  tiincit  64> 
much  room  can  only  press  750  atmodpherea  or  5  touB  i>er  inch. 
In  an  M  or  KMneh  gnuy  the  shot  dka'ca  more  t^lowly  fn>m  rest, 
while  the  powder  banift  more  rapidly  in  pr«»]M>rtion,  so  that  fi>r  an 
tnflant  the  prpMure  would  exceed  5  tons  ]>er  inch.  In  much 
larjpTpr  cannon  the  shot  would  move  so  leinurely  that  the  prcsv^ure 
miirht  rraeh  18  or  19  tonn  )H>r  inch.^ 

Mr.  Michael  S<*«>tt  pveii  tlie  table  (20)  as  the  result  of  his  inves- 
tigationa  on  this  8ubjo(-t.  His  explanations  are  appended  in  a 
null*.     (Seealfu^  258  notes  and  259.) 


Tam^   XXI3C^Wnoirr  or  Snor  tii4T  M4T  bi  Pibxo  pbov  tauocb  Wnonnir- 
Ito>«   SiiiJoni*Ik>wu>  (tuxA  wmiorr   Btraixixi}  tiis  Metal  mobb  tuax  that 

09   ^MMMiM  GC^M  U  STKAlXKa      UY   Mr.    MJCUASL  S<>0TT. 
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U  ^th  ^-tiiic  this  t«>'W  hrror*  tlM«  Rnriil  l*nitr«l  Srn't<«  In«tUttt;on  (Jour.  R   V  S. 
I    J  s»    l^-iTi  Mr.  MkhApl  8rott  mkI'^'M  olumn  1  $[\\r»  ll.«»  l»i»r«  U  llie  jr»a  Ja 

3  •-  f'««  yvf  avo^d;  r*'<-ima  3  tn«c«  tl.<»  wpiirht  </  thr  »ti'»c  ««h>«M  m^r  )«*  iin<^i  it 
C«  ▼•  •  IT  «<  I*:i0ffli^t  per  M>*^'U*\:  ari'I  ci>!uinti  4  |r'^«*<  t!i<»  nr.,:M  of  ll.«»  •' ■  t 
w\m  f.  vtfir  fa*  ftfwl  At  tl«  TrU44tr  of  1  Hm)  fcrt  i«*r  M*4N>n<l.  Tli«*  d«  tt  n^ltinin  {r>««-^ 
e«  ««<tflM  of  A  •f4H*r»  (if  th<»  dutmrtrr  MjIM  in  tt.c  Ami  ci>!:imti .  U.r  rH  tt  i«  t* 
v»««*«  r/  Mi  «ftiicifmu«l  ■hot  of  two  ili%m«  ti-m*  l«*t.i;*h  l>'it  n«it  ib>liil,  to  :•>»  Ih  >  io  I : 
IW  avtt  gifvs  tb#  vrfejcitj  of  ibal  r!  ^n^^tol  ah  4  ;  m*  \  lU^  miX  |rt««*«  !:•<•  r>rtv  iif  t:.« 
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Adtantaob  of  SnroLK  Hbavt  Shot  oteb  Saltos  of 
LxoHT  Shot. — ^In  bo  far  as  it  is  intended,  not  to  punch  armor,  but 
to  shatter  it  in  the  highest  degree,  one  heavy  shot  is  more  effective 
than  a  very  much  greater  weight  of  light  shot.  Commander  Scott 
says*  on  this  subject : — ''  The  size  of  the  gun  is  of  vast  importance, 
more  than  is  generally  assigned  to  it,  and  for  this  reason — ^SO 
guns,  each  a  1-pounder,  are  fired  at  a  taiget  of  iron  l^in.  thick, 
and  produce  no  effect ;  one  gun,  a  20-pounder,  is  fired  and  smaahea 
it,  the  velocity  in  both  cases  being  equal — ^in  both  casea  the  same 
amount  of  metal  is  used,  and  on  this  principle  an  ofiidal  record  of 
experiments  at  Portsmouth  states  that  one  68-pounder  produced 
more  destruction  than  five  32-pounder8.  Arguing  from  this,  it 
appears  that  one  150-pounder  is  more  effective  than  ten  68-pound* 
ers,  one  330-pounder  is  equal  to  seven  150-ponnder8,  and  a  broad- 
side of  tliree  330-pounder8  is  more  destructive  than  lOJ  Warrton^' 
On  this  principle,  Commander  Scott  constructs  Table  30. 

iiSIS.  The  effect  of  a  salvo,  however,  is  very  much  greater  than 
that  of  the  same  shots  fired  consecutively.  And  while  the  con- 
struction and  convenient  mounting  of  300-pounder8,  for  instance, 
present  some  serious  difficulties,  the  effects  of  their  shot  may  be 
approximately  realized  by  taking  more  pains  to  concentrate  a 
simultaneous  fire  from  such  guns  as  we  have. 

blow,  that  of  the  GS-poander  ball,  taken  at  70  pounda  in  round  nomben,  noriag  at 
1600  feet  per  second,  being  taken  as  one. 

*'  The  principle  upon  which  this  table  is  calculated  ia  rery  simple ;  but  U  InTolTet  a 
great  number  of  figures.  I  have  stated  publiclj  on  prenoua  occasions,  and  I  do  ool 
know  that  it  has  ever  been  disputed — I  do  not  know  tliat  it  can  bo  disputed,  because 
there  does  not  seem  to  be  any  dispute  whatever  with  reM]iect  to  the  theory,  namely— > 
that  the  power  of  the  shot  is  the  via  vira  of  the  shot,  the  it  Ting  energy,  tlie  weight 
multiplied  by  the  square  of  the  Telocity.  If  that  be  so,  then  the  only  other  element 
is  the  diameter  of  ihe  gun.  The  force  of  the  blow  (column  8)— aiyl  it  Is  somewhat 
important — Tariea  Tery  considerably.  The  argument  is  this :  assuming  wrought-iron. 
In  tlie  first  place,  and  assuming  that  wrought-iron  is  three  times  as  strooir  as  cast* 
iron,  that  without  straining  the  metal  of  the  gtm  more  than  the  metal  of  an  onlinary 
CS-pounder  is  strained  by  firing  a  70-lb.  sliot  at  1600  feet  per  second,  this  is  the 
effect  These  numbers  rppresent  the  force  of  the  blow,  or  the  efl^H  produced  by  the 
shot  from  these  Tsrieties  of  gun.  •  •  •  It  is  quite  irrespective  of  charge.  The 
questk>n  has  nothing  to  do  with  the  quantity  of  powder  It  is  a  relatiTe  i 
not  an  absolute.** 

«  Jour.  Boyal  United  Serrtce  Inst    June,  1863. 
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Captain  Selwyn  says*  on  this  subject: — ^^ Strange  it  is,  that 
even  now,  with  all  the  experiments  which  iron-plate  committees 
have  tried,  they  have  never,  so  far  as  I  can  learn,  tried  this  (the 
effect  of  salvos),  so  that  we  have  still  to  theorize  on  the  subject. 
I  find  that  four  100-pounder  shot  fired,  not  together,  but  con- 
secutively, broke  through  into  the  cupola  of  Captain  Coles ;  that 
several  shot  together,  as  regards  the  place  of  striking,  injured  the 
plates  very  much ;  that  on  one  occasion  when  six  guns  were  fired 
as  a  salvo,  the  effect  was  enormously  greater,  as  might  have  been 
expected,  than  when  the  same  guns  were  fired  consecutively ;  but 
on  no  occasion  can  I  find  that  any  thing  like  even  a  heavy  cor- 
vette's broadside  was  concentrated  and  fired  at  an  armor-plate. 

"Now,  this  is  the  very  first  expedient  or  experiment  which 
would  probably  be  tried  in  war ;  and  till  we  can  say  that  it  has 
been  fairly  examined  into,  we  really  know  nothing  of  the  true 
value  of  armor." 

334.  RECAPrruLATioN. — ^As  far  as  results  can  be  compared,  the 
simple  15  in.  cast-iron  ball  at  a  moderate  velocity  appears  to  be 
capable,  with  much  less  strain  upon  the  gun,  of  inflicting  much 
more  of  the  kind  of  damage  under  consideration,  than  the  more 
powerful  and  costly  rifle-bolts,  because  it  wastes  less  power  in  local 
effect.  The  system  of  intermediate  weights  and  velocities  is  least 
damaging,  because  it  neither  hits  the  enemy  behind  the  shield  nor 
tears  the  shield  away  from  him:  it  spends  so  much  power  in 
smashing  the  place  struck,  that  little  is  reserved  to  rack  the  struc- 
ture. Tlie  first  result  ex|)ected  from  heavy  shot— <lislocating  the 
plates  by  breaking  their  fastenings — may  be  modified  or  prevented 
by  improving  the  fastenings  on  tlie  j)lan  of  the  Dictator  armor 
(204),  for  instance,  and  by  other  tested  means.  The  other  result 
— shattering  the  whole  ship's  aide  to  a  dangerous  degree — U  not 
fairly  represented  by  the  di8plac*ing  of  small  targets  by  heavy 
shot,  and  presupposes  shot  of  such  excessively  low  veloc*ities  that 
the  ductility  and  elasticity  of  ordinary  armor  will  enable  it  to  take 
advantage  of  that  grand  element  in  resistance  to  projectiles — time^ 

*  Jour.  Boyal  Umted  Serrioe  Inst    June,  1863. 
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MS.  The  disadvantages  of  the  system*  are  therefore  as  fol- 
low*: - 

l»t.  Every  change  in  the  quality  and  distance  of  the  shield  to 
be  «ii»ahle(U  disturbs  tlie  designed  relation  of  shot  to  armor,  thus 
either  wai«ting  much  power  in  fruitless  local  effect,  or  preventing 
ieritius  damage  by  allowing  the  ductility  and  elasticity  of  the 
shield  t4»  <-ome  to  the  rescue ;  in  fact,  both  these  results  mut^t  fol- 
LiW  any  moderately  heavy  and  slow  cannon-shot.  But  a  fai»t, 
paiiohing  shot,  wastes  the  least  possible  power  in  getting  through 
the  armor ;  and  what  it  has  left  when  it  gets  through,  is  available 
n{Mia  the  naked  enemy 

Sd«  Even  supp<wing  the  enemy's  side  to  be  finally  made  vulner- 
able or  t4i  be  dangerously  strained  and  shattered — this  o])eration 
wa»lc^  valuable  Im^,  during  which  the  enemy's  fleet  may  ma- 
Doeuvn*  t4>  his  own  advantage. 

At  the  same  time,  the  dcKtructive  effect  of  heavy  projectiles  at 
h»w  vehiciticis  particularly  upon  the  Warrior  class  of  armcnr^  has 
lieen  K*ri<>usly  underrated,  especially  in  £uro{)e.     (177  C.) 


#       Section  III. — Shot  at  IIioii  VEixKTnKS.t 


ExPKBniKXTH.^ — British  and  Ameri(*an  experiments  have 
well  tiMed  the  punching  capacitict^  of  various  nybtems  of  ordnance 
and  tin*  nf*ii*tance  <if  many  kindft  of  armor.  It  has  already  been 
sh4»wn  that  the  resi^tance  of  plat4*8  to  punching  is  as  the  B<}uares 
«ff  their  thickness;  for  example,  that  two  2inch  plat4*s  laid  to- 
get)i«'r.  are  but  half  as  btron^  as  one  4-inrh  plate  (202).  It  bliould 
aU»  b«*  remem>K*re<l  that  the  hard  iron  of  which  tlie  early  EngliiJi 

*  T*..*  .«.  of  crwifn^.  DO  arfQinent  ii|n»iniit  hkty^  iihoC  proiri4jed  Uiey  ceruUilj  pmdb 
tim  trwttr  i^aHrmA  ot  nwrrlT  mutiUlitiir  it 

f  AntM  *-(iut»<4*iof  pnttr^tirf'fl  mu»t  o>»r'unu\j  fto  (kutrr  Uiao  prQJ<'CtiIr«  introd^yl  lo 

»lMr'  .u-  lUtr  cllt«tii  o\9r  m  •!..{/■  puU*  ;  U.4.*r  mii«t  tiirrefciro  be  Ptii«U<fr  for  •  iriwo 

mn^    t*  n  lim  fva.    80  Inoir  ••  •  punt  liiug  Tt^lotnty  U  «>huiDc«l,  t).<*  l^r^r  U>c  bote 

et.-*-  •  'il  wKhIi  »olf>r»  It  U.<*  betu-r.     T\»r*  punrl.ing  tlioory  «1(m*«  txii  o  tiUapteto 

«M>.  •i-4,  firrpt  m  9ohr  mn  n*\  ii'tt<>n  of  «<t,;).t  U  «*Mrottal  to  htt?h  \<*|iM-;(r 

X  A  9^"^  «v«iipl*l«  ftrrnoat  of  thc«e  ciprriiDrDt«,  dmved  fttmi  ofiimal  nxx^dti  will 
W  giwtt  m  ft  fuUomof  cbftpicr. 
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Fio.  119. 


and  nearly  all  the  American  thick  plates  hare  been  made,  is 
quickl  J  disabled  by  cracking  and  cmmbling,  while  soft  and  dnc* 
tile  iron  is  greatly  bulged,  mashed,  and  upset  before  breaking  (212 
to  216) — effects  which  do  not'  harm  the  enemy  behind  it,  nor  the 
plate  itself  in  a  very  great  d^ree.  Until  this  kind  of  armor  was 
adopted,  the  8-in.  68-lb.  shot,  with  16  lbs.  of  powder  and  about 
1422  feet  striking  velocity,  was  more  than  a  match  for  the  4|-in, 
plate  at  200  yards.  The  Thames  Iron  Works  plates  (212), 
although  not  the  best  now  manufiActured,  show  the  quality  of  the 
better  class  of  armor>iron.  During  the  last  year  the  rolling  pro- 
cess, especially  at  the  Atlas  Works,  Messrs.  John  Brown  &  Ca, 
Sheffield,  and  at  the  Mersey  Iron  and  Steel  Works,  Liverpool,  has 
produced  very  superior  plates. 

397.  lOi-lKCH  Ball;  Wabbiob  Taboet. — The  first  memorable 
advance  in  the  power  of  ordnance  was  de- 
monstrated (April,  1862)  in  the  effect  of  the . 
Armstrong  lO^-in.  150-lb.  spherical  cast-iron 
shot,  with  50  lbs.  of  powder  and  about  1600 
feet  striking  velocity  per  second,  upon  the  War- 
rior target  at  200  yards  (Fig.  119).  The  tar- 
get  weighed  above  32  tons  (341  lbs.  per  square 
foot),  and  was  composed  of  3  plates,  each  3^  x 
12  ft.  and  4^  in.  thick,  bolted  one  above  the 
other  against  18-in.  teak  backing  composed  of 
timbers  9x9  in.;  the  inner  tier  being  laid 
horizontally,  and  the  outer  tier  vertically.  Be- 
hind this  were  the  |-in.  iron  skin  and  the  18-in. 
iron  ribs  of  the  ship.  The  whole  was  sup- 
ported by  diagonal  braces.  There  was  an  embrasure  in  the  centre 
of  the  taiget. 

The  first  and  second  shots  at  this  target  were  made  yith  40  lbs. 
of  powder,  and  lodged  in  the  backing.  The  tliird  shot — charge, 
60  lbs. — ^was  aimed  at  a  plate  that  had  not  been  struck  before,  and 
punched  an  11-in.  hole  through  the  whole  structure.  The  fourth 
shot  struck  where  it  could  not  penetrate,  and  therefore  shook  the 
taiget  violently. 


The  Warritfr  target 
Sode»  i-in.  to  1  (L 
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998*  10}-Inch  Bai.l  ;  Mihotai7b  Target. — In  July  following, 
the  same  gun — orange  200  yards — ^was  fired  at  the  Minotaur  tar- 
get, oompoeed  of  8  plates,  each  12  ft.  x  3  ft.  4  in.,  and  5^  in.  thick, 
backed  by  9  in.  of  teak  and  j-xn.  skin.  The  npper  plate  was  rolled 
by  Messrs.  John  Brown  &  Co.;  the  second  was  forged  at  the 
Thames  Iron  Works ;  the  lower  one  was  forged  by  Messrs.  Beale 
&  Co.  Each  plate  was  fastened  by  3  rows  of  1^  and  l}-in.  bolts. 
One  10-in.  and  one  16-in.  strip,  1^  in.  thick,  were  attached  to  the 
back  by  the  same  bolts  at  the  junction  of  the  plates. 

The  first  shot,  a  150-lb.  castriron  ball,  with  50  lbs.  of  powder, 
struck  the  middle  plate,  but  did  not  go  through  the  target.  The 
second — ^weight  and  chaige  the  same — ^hit  the  top  plate,  and  made 
a  12^  X  13-in.  hole  through  the  structure.  Tlie  third  shot  struck 
the  lower  plate  and  punched  a  13-in.  hole  through  the  tai^t. 
The  hole  and  rent  at  the  back  were  together  16  x  30  in.  The 
fonrth  shot  has  been  referred  to  (i88). 

339.  13-Inch  Ball  ;  Warrior  Target. — ^The  next  formidable 
demonstration  was  made  by  the  the  13-in.  Horsfall  gun  at  200 
yards,  September  16th,  1862,  against  a  new  Warrior  target,  con- 
structed (without  an  embrasure)  of  3  tongued  and  grooved  plates, 
12  ft.  8  in.  X  3  ft.  8  m.  to  4  ft.  5  in.  wide  and  4i  in.  thick.  These 
were  backed  by  a  layer  of  9  x  9-in.  teak  timber  standing  vertically, 
another  lying  horizontally,  a  f-in.  skin  and  15-in. vertical  ribs  15-in. 
apart.  The  target  "  tumbled  home"  or  inclined  inward  1  foot  in 
S  feet  height,  and  was  set  up  against  the  old  Warrior  target.  The 
shot  was  of  cast  iron  not  turned ;  weight  279*5  lbs. ;  charge,  74*4 
lbs.  of  powder ;  initial  velocity,  1631  feet.  It  struck  the  centre  of 
the  target,  smashed  a  2  ft.  l^in.  x  2  ft.  4  in.  ragged  hole  entirely 
through  it,  making  several  cracks,  breaking  off  2  ribs,  and  crack- 
ing another;  driving  in  3  feet  square  of  the  skin,  breaking  over 
20  bolts,  and  dislocating  the  parts  of  the  target.  But  the  plate 
struck  was  not  buckled  (209). 

On  September  26,  the  same  gun  was  fired  at  this  target  under 
similar  circumstances,  except  that  the  range  was  800  yards.  The 
result  has  already  been  specified  (183);  the  structure  was  not 
punched. 
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330.  301-LB.  Kifle-Shot;  Chalmers  Tasoet. — On  April  27th, 
1863,  after  26  rounds  with  68  and  110-pounders,  a  301-Ib.  Bteel 
shot  was  fired  with  45  Ibe.  of  powder  and  1293  ft.  striking  velocity, 
from  the  Armstrong  lO^-in.  rifle — range,  200  yards — at  the  CJ^d" 
mers  tai^t  (189),  which  was  composed  of  a  3|  in.  plate  backed  by 
f-in.  plates  on  edge,  5  in.  apart,  with  wood  between  (this  entire 
backing  was  10}  in.  thick),  the  whole  resting  on  a  l^in.  plate 
backed  by  3f-in.  wood  and  a  |-in.  skin. 

The  shot  struck  the  junction  of  the  centre  and  upper  plates,  and 
smashed  a  13  x  li^-in.  hole  through  the  front,  and  a  1^  x  2-ft.  hole 
through  the  back  of  the  target,  driving  tcr  the  rear  fragments  of 
plate  and  backing.     A  rib  was  smashed  and  driven  back  18  in. 

331  •  130-LB.  Steel  Shell  ;  Warrior  Target. — The  results  of 

the  Whitworth  and  Armstrong  experiments  with  rifle-shot  and 

shell  are  specially  important.     On  September  25th,  1862,  the 

Warrior  target  last  described  (229)  was  completely  punched  at 

600  yards  by  a  Whitworth  130-lb.  flat-headed  shell     The  gun 

(43,  44)  was  fabricated  at  Woolwich,  of  wrought  iron,  upon  the 

Armstrong  plan,  except  that  it  had  a  solid-forged  internal  tube. 

It  was  rifled  on  Mr. 

FiQs,  121,  122,  123.  .^^. .,     ,        . 

Whitworth's  plan,  the 

l>ore  measuring  6*4  in. 
m'ross  the  flats,  and  7 
in.  across  the  comers. 
The  projectile*  (Figs. 
120,  121  and  122), 
was  17  in.  long,  and 
solid  for  about  \  its 
length.  It  was  load- 
ed with  a  81b.  8-oz. 
bursting  charge,  fired 
Whltworth»fsrmor.punchingstoclBheIl*.  ^^  25  lbs.  of  pow- 

der, and  had   a  velocity  of  1268  feet  at  the  distance  of  5S0 
yards  firom  the  gun.     The  shell  struck  the  centre  plate,  making 


^  8m  detcriptkm  in  chapter  on  Rifling  and  PrqJMtilM. 
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a  7i  X  S^in.  hole,  and  burst  in  passing  through  the  backing.  Two 
cracks  were  made  in  the  plate,  and  2  bolts  were  started.  At  the 
back  of  the  tai^et  the  hole  was  13  in.  in  diameter.  Portions  of 
the  shell  and  the  piece  of  iron  punched  out  of  the  armor-plate 
were  picked  up  inside  the  target,  in  what  represented  the  hidl  of 
the  ship ;  some  old  oakum  on  the  ground  was  set  on  fire.  One 
rib  was  broken,  and  the  wood  backing  was  much  shattered.  The 
shell  burst  into  about  14  pieces. 

This  plate  (from  the  Parkhead  forge)  was  afterwards  proved  by 
the  68-pounder  to  be  of  an  inferior  quality.  The  indentation  of 
the  68-pounder  shdt  in  good  4^in.  plates  with  Warrior  backing  is 
2i  in. ;  the  indentation  in  this  case  was  4*05  in.,  with  considerable 
dama^  in  the  vicinity  of  the  blow. 

3S3.  151  AND  130-LB.  Steel  Shells;  4^  asd  SI-Inch  Plates; 
WaiJuor  Backing. — On  the  13th  of  November,  1862,  further  ex- 
periments were  made  of  a  similar  character.  The  target  was  con- 
structed for  this  experiment,  of  3  stories  of  plates,  9^  ft.  high  in  all, 
and  12ft.  long,  secured  by  2-in.  bolts  at  the  edges,  so  as  to  weaken 
the  plates  as  little  as  possible.  The  18-in.  backing  was  composed 
of  12  and  6-in.  teak.  Behind  the  f-in.  inner  skin,  a  box  10  x  6  ft. 
-was  formed,  to  represent  the  'tween-de(;ks  of  a  ship.  The  two 
lower  plates,  of  5  in.  thickness,  were  rolled  at  the  Atlas  Works. 
The  upper  4^in.  plate  was  forged  at  a  Government  dock-yard. 

A  151-lb.  steel  shell,  with  a  bursting  charge  of  5-lb8.,  fired  with 
27  lbs.  of  powder,  from  the  same  gun  (120-pounder),  with  a  strik- 
ing velocity  of  1170  feet  at  800  yards,  penetrated  the  middle  of 
the  centre  (5-in.)  plat«,  and  burst  in  the  wooden  backing  into  14 
large  and  9  small  pieces.  The  base  and  some  pieces  of  the  shell 
were  blown  out  in  front  of  the  tai^et ;  other  pieces,  and  fragments 
of  the  skin  and  debris,  were  blown  into  the  ship,  but  did  no  serious 
damage. 

The  2d  shell — charge  and  weight  the  same — struck  7^  in.  from 
the  bottom  of  the  top  (4^in.)  plate,  nearly  in  line  with  one  of  the 
ribs,  penetrating  the  tai^t  and  driving  out  the  rib.  The  shell 
burst  while  passing  through  the  inner  skin,  and  blackened  the 
diamber  as  well  as  shattering  the  skin  and  the  wooden  backing. 


184  Obdnakge. 

The  butt  of  the  shell  etack  in  the  hole,  bat  46  pieces  of  ahdl  and 
skin  were  scattered  about  the  'tween-decks  in  every  direction. 

The  3d  shell  was  cast  iron,  and  broke  up,  not  without  consider* 
able  distributed  effect.  The  4th,  of  steel — ^weight,  130  lbs. ;  chaige, 
27  lbs. ;  striking  velocity,  1227  feet — penetrated  the  centre  (5-in.) 
plate ;  hole  in  front,  7^  x  8  in. ;  hole  at  the  back,  14  in.  diameter ; 
skin  forced  out  9  inches.  The  shell  burst  as  it  broke  the  skin,  and 
blackened  the  chamber ;  it  broke  into  19  pieces,  which,  together 
with  many  of  their  fragments,  passed  into  the  ship. 

333.  288-LB.  Steel  Shell;  5i-lH0H  Plate.— On  die  17th  of 
March,  1863,  after  6  rounds  with  the  110-pounder  and  68-pounder, 
and  a  301-lb.  bolt,  the  lOf-in.  Armstrong  rifle  was  fired  at  Mesons. 
John  Brown  &  Co.'s  taiget,  which  consisted  of  a  lower  horizontal 
plate  6  in.  thick,  a  middle  plate  7i  inches  thick,  and  an  upper 
plate  6i  in.  thick,  each  4  ft.  high  and  12  ft.  long,  their  faces  being 
flush.  One  side  of  the  target  was  backed  by  vertical  iron  ribs ; 
the  other  by  10-in.  of  teak,  a  1-in.  plate,  a  l^-in.  plate,  and  verti- 
cal ribs.  A  heavy  horizontal  girder  extended  across  the  back  of 
the  vertical  ribs.  The  tai^t  was  held  upright  by  heavy  timbers 
extending  between  it  and  a  bank  of  earth  behind. 

A  288-lb.  flat-ended  steel  shell,  20  in.  long,  with  a  thin  cast-iron 
hemispherical  head — ^bursting  charge,  11  lbs. — was  fired  with  45  lbs. 
of  powder  at  131S  ft.  striking  velocity.  It  penetrated  the  5i-in. 
plate  and  the  backing  to  a  depth  of  14  in.,  and  burst  in  the  back- 
ing, the  hole  being  filled  with  portions  of  the  shell  The  plate 
was  somewhat  cracked  and  dislocated.  The  backing  at  the  point 
of  the  explosion  was  completely  splintered  and  set  on  fire.  At 
the  back  a  rib  was  broken,  and  the  skin  was  rent  and  bulged. 

9S4.  14S-LB.  Steel  Shell;  SI-Inoh  Plats. ^On  the  same 
occasion,  a  14S-lb.  steel  shell  was  fired  at  the  same  target  from  the 
Whitworth  7-in.  rifle  with  25  lbs.  of  powder — bursting  charge, 
5*12  lbs.— at  a  velocity,  at  524  ft.  distance  firom  the  gun,  of  1268 
feet.  It  punched  the  b^-ia.  plate,  5i-in.  (outside  to  outside)  from 
the  last  hole,  and  burst  in  the  backing,  which  was  completely 
blown  out  at  the  top.  The  skin  at  the  back  was  more  opened, 
and  wooden  splinters  were  driven  through. 
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800>LB.  Stkbl  Shells  ;  4J-Inch  Plate.* — On  the  17th  of 
October,  1862,  the  following  experiments  were  made  at  St.  Peters- 
burg, with  9-in.  cast-iron  and  steel  shells  against  4^in.  plates 
made  for  the  Knssian  Government  by  Messrs.  John  Brown  &  Co., 
Sheffield: 

^'  First,  a  series  of  cast-iron  shells,  300  lbs.  each,  were  fired  at 
different  ranges,  and  then  shells  made  by  Kmpp  were  fired  at  the 
4|-inch  armor-plates.  The  first  shell,  of  hard  cast  steel,  was  22^ 
inches  long  (two  and  a  half  diameters),  with  a  flat  end  four  inches 
in  diameter.  Fired  with  50  lbs.  of  powder  at  700  ft.  distance,  it 
passed  through  the  plate,  oak  and  teak  backing,  and  broke  mto 
many  pieces,  although  filled  with  sand  only.  The  second  and 
third  shells  were  also  of  Kmpp's  steel,  the  same  length,  but 
with  6^''  ends.  These  shells  pierced  plates,  wood,  &c.,  and  also 
went  to  pieces,  although  only  filled  with  sand.  The  fourth  shell 
was  made  by  M.  Poteleff,  of  puddled  steel,  on  Aboukoff's  system, 
the  same  dimensions  as  the  second  and  third,  and  went  through 
iron,  teak,  &c.,  but  was  only  bulged  up  from  9''  to  12'^,  and  the 
end  flattened ;  not  a  single  crack  being  visible  in  the  shell.  The 
fifth  shell,  the  same  as  the  fourth,  passed  through  iron,  teak,  and 
the  second  target,  and  went  at  least  a  mile  beyond.  The  sixth 
and  seventh  shells  were  from  Elrupp,  and  were  charged  with  pow- 
der; they  were  quite  fiat-ended,  9^'  diameter.  One  exploded  in 
the  plate,  the  other  in  the  wood.  The  eighth  and  ninth  shells 
were  of  cast  iron,  and,  although  they  passed  through  the  plates, 
were  of  course  destroyed.  Evening  prevented  further  trials,  which 
will  yet  be  made  on  the  same  plate." 

a85  A.  610-LB.  13-Inch  Bolt  ;  Warrior  Target.*— On  De- 
cember 11th,  1863,  a  600-lb.  steel  shell  was  fired  from  the  18-in. 
Armstrong  gun,  with  70  lbs.  of  powder,  at  the  Warrior  target. 
Sange,  1000  yards ;  initial  velocity,  about  1200  feet ,  bursting 
charge  of  shell,  24  lbs.  The  shell  burst  on  entering  the  target, 
and  smashed  a  20  x  24-in.  hole  entirely  through  it  (i8i  C). 

*  The  aooount  of  these  ezperiments,  unlike  the  others  mentioned^  is  not  official,  but 
ia  imderatood  to  be  trustworthy. 
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93S  B.  15-Inch  Ball;  6-Inch  Plate;  30-Inoh  Backing. — 
More  recently,  a  400-lb.  cast-iron  ball  was  fired  from  the  15-in. 
United  States  navy  gun,  with  60-lb8.  of  powder,  through  a  6-in. 
solid  plate  and  its  30-in.  backing.  Bange,  about  50  yards;  initial 
velocity,  1480  ft.  The  target  was  otherwise  smashed  and  shat- 
tered (i  8 1  A). 

335  C*  11-Inch  Ball;  4^Inoh  Solto  Plate  ;  12-Inch  Wood 
Facing  and  20-Inch  Backing. — On  the  28th  of  May,  1863,  this 
target  was  punched  at  the  Washington  Navy  Yard  (Figs.  122  A, 

Pio.  122  A. 


4^  in.  plate,  with  wood  backing  and  facing. 

and  122  B).  The  shot  was  a  168-lb.  cast-iron  11-in.  ball,  fired 
with  80  lbs.  of  powder ;  range,  90*2  ft.  The  target  was  a  4J-in. 
solid  plate,  only  4  feet  square,  forged  from  scrap,  and  having 
npon  its  outer  surface  12  inches  of  oak  fastened  with  6  bolts,  and 
upon  its  inner  surface  20  in.  of  oak  backing,  resting  against  a  solid 
bank  of  clay.  The  shot  struck  16  in.  from  the  top  of  the  target, 
and  16^  in.  from  its  right  edge,  shattering  the  top  and  middle 
course  of  facing,  and  tearing  off  the  upper  part,  throwing  two 

*  These  facts  and  engravings  w6re  published  officially  in  the  **  Scientific  American.** 
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FiO.  122  B. 


timbeirs  30  ft.  forward  and  one  piece  of  plate  102  ft.  forward. 

Two  bolts  were  broken. 

The  indentation  around 

the  shot-hole  was  f  to 

}  inch.     The  shot  was 

fractured  and  flattened, 

but  did  not  break  up. 

It  should  be  remarked 
with  reference  to  this, 
as  well  as  other  experi- 
ments with  English  and 
American  targets,  that 
a  tai^t  of  tliis  size  cuti- 
not  represent  the  conti- 
nuity and  strength  of 
a  ship's  side,  or  of  a 
complete  turret  or  case- 
mate,* It  is  also  well 
settled  in  England,  that 
laige  area  of  plate,  iron 
box-backing  (see  Chal- 
mers  and  BeUerophon 


4^in.  plate,  with  wood  backing  and  facing. 


taints)  in  addition  to  wood  backing,  ana  great  auctility  of  armor, 
are  all  essential  features  of  good  armor. 

*  Figs.  122  C,  and  122  D,  represent  horisM>ntal  sections  of  the  Warriar'a  side  at  the 
junction  of  the  armor-plated  athwart-ship  bulkhead  with  the  side  annor,  and  between 

Fig.  122  C. 


Horizontal  section  of  the  Warriai^a  armot. 
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936.  American  AmnMr^Pnnctaliif  Oom.* — The  American 

gang  that  are  capable  of  giving  very  high  velocities  to  flhot  of 
large  diameters,  have  not  been  fired  at  a  Warrior  target  But 
their  effects  may  be  approximately  arrived  at  from  their  chaigea. 
The  Parrott  10-in.  rifle  (78)  fires  a  300  lb.  projectilet  with  26  Iba. 
powder.  It  may  therefore  be  considered  capable  of  carrying  a 
spherical  130-lb.  ball  with  nearly  as  much  effect  as  the  lO^in. 
Armstrong  gun,  which  made  a  clean  breach  through  the  Warrior 
target.  The  new  10-in.  Dahlgren  cast-iron  gu4  fires  a  130-Ib. 
ball,  with  40  to  43  lbs.  of  powder,  at  about  1600  feet  velocity.  ltd 
effect  would  be  nearly  }  that  of  the  lO^in.  Armstrong,  at  the 
same  range.  The  first  gun  of  this  class  was  cast  solid,  and  burst 
after  less  than  a  hundred  rounds;  but  the  gun  has  now  been 
remodelled  and  strengthened,  and  is  cast  hollow.  The  first  lO^in. 
Armstrong  gun  burst  after  264  rounds.  The  11-in.  ball,  with 
30  lbs.  of  powder  and  1400  feet  velocity,  would  give  about  80  per 

the  pofta    These  iUustralkma  show,  at  %  gluoe,  the  probable  resistance  of  a  fI.'p  ai 
compared  with  a  smaU  detached  plate  of  iron  resting  on  short  sticks  of  backinj^  with* 
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Horizontal  Eection  of  tho  Warrit/r's  armor. 

oat  lateral  or  Tcrtical  support,  and  without  a  convex  and  continuous  structure  of  riba, 
bulkheads,  and  docks,  in  the  rear. 

^  A  writer  in  the  EdMurgh  Review  (April,  18S4X  who  is  obviously  not  pr^|udioid 
in  favor  of  English  Ordnance,  expresses  what  is  certainly  the  oommon  although  not  Cha 
universal  sentiment  of  England  with  regard  to  American  Ordnance.  Alter  the  Dahl- 
gren and  Rodman  11  and  li^inch  guns  and  the  Parrott  lOO-poonder  have  endored  the 
thousand  test  rounds,  and  in  view  of  the  unprecedented  sdentiilc  accuracj  with 
which  the  figure,  material,  and  fabrication  (hollow  casting,  and  cooling  ttoax  withinX 
of  the  Rodman  and  Dahlgren  guns  have  been  perfected,  the  writer  referred  to  n>- 
marics  as  follows:— "The  Americans  appear  to  have  a  natural  predilection  for  what  U 
big^  and  they  have  applied  themselves  to  the  production  of  huge  guns,  made  on  ertry 
variety  of  pattern,  with  very  little  scientiflc  uniformity  and  directioa.  If  we  are  correctly 
informed,  none  of  these  guns  have  shown  that  durability  which  is  essential  to  perai»> 
nent  servioe,  nor  baire  their  eifects  corresponded  to  the  coat  and  labor  beatowad  on 


t  The  ordinary  pr^eotila  of  the  Parrott  10-in.  gun  weighs  250  Iba. 
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cent  of  the  penetrating  effect  of  the  lO^in.  Armstrong  ball  with  50 
lbs.  of  powder,  this  effect  being,  according  to  all  authorities,  as  the 
weight  multiplied  into  the  square  of  the  velocity.  Inasmuch  as 
a  Bpherical  shot  always  breaks  a  hole  larger  than  its  own  diame- 
ter, the  resistance  to  all  these  shots  would  not  very  materially 
differ  on  account  of  their  small  differences  in  sectional  area.  The 
greater  part  of  the  work  is  undoubtedly  done  before  the  ball  gets 
halfway  through  the  plate. 

The  114n.  shot  Jias  been  fired  through  a  number  of  4^in.  plates 
backed  like  those  of  the  Warrior;  but  the  quality  of  the  iron  was 
in  some  cases  very  inferior  tor  plates.  The  target  (200),  compared 
with  the  English  plates  (212  to  216),  is  a  sufficient  illustration 
of  this  fact.  High  steel  is  certainly  an  invaluable  material  for 
many  uses,  but  it  makes  the  worst  possible  armor.  Hard  iron  of 
high  tensile  strength  resembles  steel  in  this  particular.  The  plates 
stmek  by  the  11-in.  shot  exhibited  their  unfitness  by  cracking  aU 
over,  and  they  sometimes  actually  crumbled  into  small  pieces 
where  they  were  struck.* 

Other  American  4^in.  plates,  of  better  quality,  have  not  been 
completely  punched  by  the  11-in.  shot  and  30  lbs.  of  powder  (214). 

Quite  recently,  the  15in.  gun  has  been  found  capable  of  en- 
during 60-lb.  charges,  which  give  a  velocity  of  nearly  1500  feet 
to  its  spherical  projectiles,  enabling  them  to  completely  punch 
targets  much  thicker  than  the  sides  of  the  Warrior.  The  follow- 
ing are  extracts  from  the  United  States  Navy  Ordnance  Instruc- 
tions for  15-in.  guns : — 

^  Solid  shot  should  always  be  used  against  iron-clads,  and  with 
50-lb.  charges,  but  never  fired  on  any  other  occasion. 

"At  close  quarters — say  50  to  150  yards — 60  lbs.  may  be  used 
for  20  rounds  of  solid  s/iot 

"  Cannonrpoweler  only  should  be  used,  as  85  lbs.  of  this  kind 


*  TUa  defect  in  American  thick  platee  is  admitted,  and  can  be  remedied.  The  pro- 
longed and  ooatly  experiments  bj  which  hard  iron  was  proved  inadequato  in  England, 
ought  not  to  be  repeated  in  America.  At  the  suggestion  of  the  author,  Admiral 
Dahlgren  some  time  since  sent  for  a  number  of  English  sample-plates,  for  target  prac- 
tice, that  be  might  more  aoooratelj  oompare  his  own  with  foreign  guns. 
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Ordnance. 
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gives  a  greater  range  than  50  lbs.  mammoth  powder ;  and  this 
charge  of  the  latter  cannot  be  bnmt  in  the  gun." 

337.  C^onditlom  of  Greatest  Elltet. — ^The  measure  of  the 
penetrating  force  is  stated  by  all  the  authorities  to  be  the 
weight  of  the  shot  multiplied  by  the  square  of  the  velocity  at 
the  moment  of  impact.*  Eeferring  to  table  (31),  it  will  be  ob- 
served that  the  288-lb.  Armstrong  shell  fired  with  46  lbs.  powder, 
at  1818  feet  striking  velocity,  went  through  a  5^in.  plate ;  while 
the  150-lb.  spherical  ball,  fired  with  50  lbs.  of  powder  from  a  simi- 
lar gun  with,  say,  1600  feet  striking  velocity,  only  went  through 
a  4|  in.  plate  and  its  backing.  But  it  must  be  remembered  that 
the  gun  was  verj'  much  less  strained  by  the  latter  shot.  (239.) 
To  produce  a  strain  upon  it  equal  to  that  of  a  288-lb.  shot  with 
45  lbs  of  powder,  the  lO^in.  Armstrong  gun  first  made  was  fired 
with  a  150-lb.  shot  and  90  lbs.  of  powder,  giving  a  velocity  of 
2010  ft.«  The  work  done  by  the  150-lb.  ball  at  2010  ft.,  as  com- 
pared with  that  of  the  288-lb.  shot  at  1318  ft.,  would  be  about  as 
6  to  5.  ^VTiile  the  288-lb.  shot,  at  1318  ft.  velocity,  only  penetra- 
ted a  5i-in.  plate,  the  275-lb.  Horsfall  shot,  at  only  about  200  feet 
more  velocity  per  second,  smashed  a  2-ft.  hole  through  a  4^in. 
plate  and  its  backing. 

3S8.  CoNDinoNs  of  High  YELocrrr. — MzBrre  and  Defbcts 
OF  Spherical  and  Rifle  Shot. — To  insure  a  high  velocity,  the 
shot  must  be  light  According  to  Professor  Treadwell,  the  strain 
produced  by  heavy  and  light  projectiles,  with  a  given  charge,  is 
as  the  cube  roots  of  their  respective  weights,!  «ud  their  velocities 
are  inversely  as  the  cube  roots  of  their  weights. 

^  CoEnmander  Soott  states  (Joanud  Roysl  United  Senrioe  InslitQtioii,  April,  ISSSk 
that  "  a  very  high  Tslocitj  seems  to  produce  an  effect  far  bejood  what  the  finBnk 
velocity  •  x  weight  gives." 

f  Mr  Midiael  Scott  says,  on  this  subject,  hi  his  pamphlet  ^'Oii  Projectiles  and 
Guns/*  18G2  :—**  Without  at  present  attempting  any  investigation  as  to  the  pifssme 
of  the  gas  fonned  by  the  explosion  of  gunpowder,  or  the  rate  at  which  that  pressuvs 
diminishes  as  the  gas  expands,  It  may  be  affirmed  that  the  pressare  required  to  pro- 
duce, in  a  given  length  of  gun,  a  certain  velocity,  will  vary  as  the  square  of  the 
velocity,  as  is  the  case  when  a  constant  force  acts;  and,  if  the  pressure  be  given,  tfas 
weight  to  be  thrown  will  be  inversely  as  the  square  of  the  velocity.    (P  being  the  pn^ 

P      V«  1 

sure,  M  the  mass,  S  the  space,  then  ^  =  ,  ^;  orPrfVtflCbe  given.  Ua^-^fi 
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)HW.  The  spherical  shot  presents  the  greatest  area  of  an  j  prac- 
ticable Aolid  shot  to  the  powder,  for  a  given  weight,  and  hence 
reoeavea  the  higher  velocity. 

Ptegirm)    TiMfvCore,  irftaliotori401babeflr«dfVoma7-iii.gun,witharelocitr 
of  1  :uO  ft  per  MooDd,  the  weti^ht  which  oui  be  flrod  with  the  same  Btrain  u|iod  the 

l«B  with  a  Triocitj  of  ICOO  fwt  per  second,  is  onljr  140  x  jT^>  =  ^*^  ^^ 

nr  WiUiem  Armttrooff  said,  in  •  discussion  before  the  Bojal  Tnited  Sonrico  InsL 
(JUir  R  r  &  InAt,  J«»e.  IH62):— 

**  I  « lU  DOW  eodeoTor  to  explain  whj  it  ia  that  a  rifled  gua  most  be  heavier  than  a 
— nnih  Yinrr.  and.  for  this  purpose,  I  will  direct  joor  attention  to  the  longitudinal  dta- 
(TiM  which  I  haTe  drawn  (Fig.  \rs\  showing  the  bore  of  a  gun  of  9^  in.  in  diameter, 
with  a  osftridge  containing  33  lbs.  of  powder,  and  meMttring  in  length  17  indies,  and 

Fia  123. 


.  :^_J^    )  4 


hariag  a  round  shot  \Amef^  iM-fore  it  weighing  100  Iba.  Xow,  if  I  wer^to  nfle  that 
SMM  gwv  and  sub«Utuie  for  t^ie  n>uDd  slioi  a  rifled  shot  of  twice  the  weight,  then  it 
Moal  be  rlrar  that,  the  prnidrr  liaring  a  greater  moss  to  more,  tlie  fras  will  meia  with 
a  ffreab^r  r«<«i«taooe.  and  will  g«»t  up  a  git^ater  prensurs  behind  tlio  filiot,  and  it  will  be 
MiT-««arT  to  add  ad'tttM>nal  stren^rth  to  ren«t  tliat  eitra  strain  upon  tlie  gun.  *  *  * 
-  B'.t  :i  mar  \»  %)k»\,  why  ihH  kwp  tlie  wei^^ht  of  the  nhot  the  same,  and  nnloco 
the  \^^  ^>  a«  to  enable  tiie  Mae  proptirtiims  to  \h*  rrtaiti(*<|  ?  Xow.  wc  will  try  tluU 
alipm«t.«r  :  st.d  Ure  i»c  have  it  n*pre8pn(e<L  I  hare  in  ihi^i  raK»  tal(i>n  the  bore  at 
7^  .n .  » ».  h,  I  hi  lM«Te.  li  spTiroiimatelr  ctirrprt  f(jr  a  round  sh»il  of  50  Wvk  (Soe  Kig. 
1?4  )  In  t)  k«  ni«r.  br  mak.nif  tlio  prii|«'Ctile  of  the  same  pr(i|iortum  as  in  the  other 
ease,  we  m^ke  lU  w<Mir)it  ]«>o  U>«..  or  tlio  same  as  the  spliere  in  the  othorcsuie.  Now, 
to  a|i(ilr  t^iC  same  rartn<lg» — th«»  same  quantitjr  of  powdor — because  that  is  the  con* 
dity«L~th(»  area  of  the  bore  U'tng  miIj  otie-lialf  what  it  was  li«-(bre,  it  is  ncocMarf  to 
Make  ilji*  oartr.«lire  twice  tli<»  l4*Dgth«  aa  n>pn*si*nt<Kl  l.^re.  Ilonoe,  thrrt*fi>re.  sUhough 
tl^  orr-imfi-rrnii.l  arra  eip(>««<d  t4>  the  pn^nsure  of  the  powd«T  is  dimioi-hcd  in  the 
^rr*f»«ct  •«  of  7^  to  9|.  Tel  i1m»  lontritudinal  surface  is  incre<fc»i'd  in  the  pnifMirtion  of 
two  t  •  **'\»* .  sfvl.  o»n«c^|<ientltr,  we  hare  a  fiir  greater  surfai'**  exp(>«4ti  to  llie  pn»«suro 
«/**o  pi*  At  i!«%  fl«>«t  in«tant  of  ignition  in  th<*  one  m«o  tluia  we  have  in  t!.o  other. 
TW  st*»f,rfth  of  lt*n  iftin  Diu«t  thrreforo  ht»  c^mtinued  fartlter  forwanL  But  not  only 
tl.jt,  aft*  r  tl«e  sh(4  of  tlie  Mialior  bore  has  travt^Ued  tlimugli  once  the  length  of  its 

FM.  ISi. 
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cwtrwtf^  tim  Wovth  tt  bor*  flilad  by  U«  g—  will  b«  twk»  U  inclw^  or  C«  ioilir*; 
•t*"-^  ■**•  *i^  oU«r  haa  tr>*v)lMl  UuuuKh  oofe  Um  leoctti  of  Uiv  owtndfi>,  w  m 

18 


194 


Ordnance. 


940.  The  strain  on  the  Parrott  6'4-in«  gnn,  as  measured  bjr 
Captain  Hodman's  instrument,  at  West  Point,  was  about  86400  lbs. 

Tabu  XXXIL— YBLOorrncs  or  Pakbott  (6*4-Ihoh)  100-Pouia>BB  vr  Bbxtov's 
ZLKTBO-BAhusnc  Pknduluii;  Mat  1,  1862. 


ElanUon. 

Charge,  Iba. 

Pit^Mtila. 

Initial  Tclodty. 

(DopontT) 

Weight,  Ibc 

FMt  per  aecoad. 

44* 

lO 

loo-lb.  tlieU 

"54 

♦4' 

lO 

loo-lb  shcU 

»M4 

44' 

lo 

So-lb.  shoe 

»374 

44* 

lO 

So-Ib.  ihoc 

1381 

44' 

II 

So-lb.  shot 

1405 

44- 

lO 

31-lb  iphericAl  ihoc  papier- 
mach^  ubot 

I8S9 

44° 

lO 

Ditto 

18.9 

44' 

lO 

Ditto 

»799 

to  give  double  capacity  for  the  powder  behind,  it  will  only  hare  traTelled  34  indiM; 
and  therefore  we  muet  bring  forward  the  oorrespoading  etrength  of  the  gun  in  the  one 
ease  to  68  mchea,  and  only  to  34  inches  in  the  other  caae.  It  is  dear,  therafofe,  that 
we  gain  nothing  by  reducing  the  bore,  but  rather  tbe  oontrary.** 

In  the  discussion  laat  reforred  to,  Mr.  Baahley  Britten  gave  the  following  illustr»* 
tion  on  this  eubjeot:— 


Bmnr  or  Bqual  Ghaboss  dt  Lamqu  axd  Small 
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fi»r  the  100-lb.  bolt,  with  the  Mine  quantity  and  kind  of  powder 
tliat  gare  2nK)0  Iba.  prepare  for  the  33-lb.  Bpherical  shot  So  that 
tlir  preMiorcA  were  nearly  aa  the  weights. 

The  velociticA,  aa  meaaured,  were  nearly  with  equal  charges, 
iureriely  ma  the  cube  rootn  tf  the  weighta  of  the  fihotii. 

Ml.  Captain  FiAhboume,  in  discuflsing  the  merits  of  rifled 
and  •ni<H»th-bore  guns,*  mentions  the  low  velocity  of  the  rifle-t^hot 
and  itn  greater  strain  upon  tlie  gun  as  serioua  defects,  and  then 
refcrra  to  the  merits  and  posaible  improvements  in  the  smooth- 
U»re,  as  fiiUowB: — 

^  Now  I  only  propose  that  the  causes  of  the  errors  in  round 
sh<it  sliall  be  directly  removed  These  are :  an  undue  amount  of 
windage,  im})erfect  sphericity,  and  absence  of  homogeneity.  Table 
33  shows  the  effect  of  the  reduction  of  windage : — 

Taslb  XXXIU.— Bryacr  or  RsDuasio  Wiitoaok. 
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Table  34  shows  the  rangimi  and  particulan  of  Ilomfairs  2'<(h 
pounder;   this  table  shows  the  iM>int-blank  range  as  compann] 


•  Jov  Rofal  (*Ditr4  Senrice  iMt^  Junt,  1S«;1 
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SSff  B.  15-Inoh  Ball;  6-Inch  Plate;  30-Inor  Baoono. — 
More  recently,  a  400-lb.  cast-iron  ball  was  fired  from  the  15-in. 
United  States  navy  gun,  with  60-lb8.  of  powder,  through  a  6-in. 
solid  plate  and  its  30-in.  backing.  Bange,  about  50  yards:  initial 
velocity,  1480  ft.  The  target  was  otherwise  smashed  and  shat- 
tered (i  8 1  A). 

935  €•*  11-Inch  Ball;  4J-Inoh  Solid  Plate ;  12-Inch  Wood 
Factno  and  20-Inch  Backing. — On  the  28th  of  May,  1803,  this 
target  was  punched  at  the  Washington  Navy  Yard  (Figs.  122  A, 

Pio.  122  A. 


4 1  in.  pUtd,  with  wood  backing  and  facing. 

and  122  B).  The  shot  was  a  IGS-lb.  cast-iron  11-in.  ball,  fired 
vrith  30  lbs.  of  powder ;  range,  90*2  ft.  The  target  was  a  4i-in. 
solid  plate,  only  4  feet  square,  forged  from  scrap,  and  having 
npon  its  outer  surface  12  inches  of  oak  fastened  with  6  bolts,  and 
upon  its  inner  surface  20  in.  of  oak  backing,  resting  against  a  solid 
bank  of  clay.  The  shot  struck  16  in.  from  the  top  of  the  tai^t, 
and  16^  in.  from  its  right  edge,  shattering  the  top  and  middle 
course  of  facing,  and  tearing  off  the  upper  part,  throwing  two 

^  These  facts  and  engraTings  were  publlabed  offlciallj  in  the  **  ScianUfle  Amerioan.** 
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with  those  of  the  service  68-poimder8  and  Armstrong  llO-pounder. 
The  68-poiinder  appears  to  a  disadvantage ;  its  range  was  taken  at. 
a  height  of  only  8  ft. ;  the  other  two,  Sir  William  Armstrong's  at 
17  ft.,  and  Hors&ll's  at  20  ft.  This  would  make  a  considerable 
difference  in  their  range  against  that  of  the  68-ponnder.  The 
time  of  flight  of  Horsfall^s  smooth-bore  is  about  half  that  of  the 
other,  and  shows,  abundantly,  to  what  perfection  smooth-bore 
guns  may  be  brought.  The  windage  in  the  68-pounder  is  -198, 
that  in  Horsfall's  is  only  '08. 

1I43.  ^  In  the  field  it  is  admitted  that  the  difficulty  of  judging 
distances,  and  other  disturbing  circumstances,  are  such  as  to  con- 
fine the  ranges  of  projectiles  for  military  purposes  to  2000  yards  ; 
afloat,  the  disturbing  causes,  which  are  constant^  are  greater,  from 
which  the  various  movements  in  rifle-sights  become  causes  of  error ; 
therefore  the  most  useftil  ranges  cannot  be  greater  than  those 
obtained  by  Mr.  Horsfall's  gun  at  little  above  point-blank,  and 
with  powder  only  one-sixth  the  weight  of  shot,  while  the  elevation 
of  rifle-guns  is  considerable  for  the  same  distances.  Then,  as  the 
angles  of  descent  are  great,  the  chances  of  striking  an  object  are 
scarcely  worth  the  powder  used.  The  smashing  effect  of  this  gun 
would  be  three  times  that  of  the  150-pounder. 

"  The  former  conclusion  Sir  H.  Douglas  arrived  at  some  time 
since,  for  he  says — '  The  main  principle  which  should  govern  our 
choice  of  naval  guns  is,  to  prefer  those  which,  with  equal  calibre, 
possess  the  greatest  point-blank  range.'  This  was  the  correct  view 
to  have  taken  before  the  introduction  of  iron-coated  ships ;  since 
that,  we  have  no  choice,  as  no  other  guns  will  be  completely  effec- 
tive against  iron  plates,  if  against  other  ships  either 

343.  ^^  Imperfect  sphericity,  another  cause  of  error  in  round 
shot,  may  be  removed  in  working  scrap-iron  into  wrought-iron 
shot,  made  requisite  by  the  introduction  of  iron-plated  ships ;  a 
nearer  approach  to  homogeneity  will  at  the  same  time  be  made, 
while  the  expense  of  such  will  still  be  far  below  the  cost  of  any  of 
the  elongated  shot. 

"  Since  this  paper  was  written,  I  have  seen  a  pamphlet  on  this 
subject,  in  which  the  value  of  smooth-bore  guns  and  improved 
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936.  Aneriean  ArmorrPanctalnc  Onas.* — The  American 

gons  that  are  capable  of  giving  very  high  velocities  to  shot  of 
large  diameters,  have  not  been  fired  at  a  Warrior  taiget  But 
their  effects  may  be  approximately  arrived  at  from  their  chaigea. 
The  Parrott  10-in.  rifle  (78)  fires  a  300  lb.  projectilef  with  26  Iba. 
powder.  It  may  therefore  be  considered  capable  of  carrying  a 
spherical  130-lb.  ball  with  nearly  as  much  effect  as  the  lO^in. 
Armstrong  gun,  which  made  a  clean  breach  through  the  Warrior 
target.  The  new  10-in.  Dahlgren  cast-iron  gu4  fires  a  130-lb. 
baU,  with  40  to  43  lbs.  of  jwwder,  at  about  1600  feet  velocity.  ltd 
effect  would  be  nearly  }  that  of  the  lO^in.  Armstrong,  at  the 
same  range.  The  first  gun  of  this  class  was  cast  solid,  and  burst 
after  less  than  a  hundred  rounds;  but  the  gun  has  now  been 
remodelled  and  strengthened,  and  is  cast  hollow.  The  first  lOf-in. 
Armstrong  gun  burst  after  264  rounds.  The  11-in.  ball,  with 
30  lbs.  of  powder  and  1400  feet  velocity,  would  give  about  80  per 

the  ports.    These  illustraiioiis  show,  at «  glaaoe,  the  probable  resistance  of  a  f^Iiip  23 
compared  with  a  small  detached  plate  of  iron  resting  on  short  sticka  of  backing  with- 

Fio.  12a  D. 

y^\ir    T    T    T    r    T  -v''--r  \r    tj 

Ilorizontal  &ection  of  tho  Warriur^i  armor. 

out  lateral  or  Tortical  support,  and  without  a  oonvcz  and  oontinoous  atnicture  of  ribs, 
bulkheads,  and  dodcs,  in  the  rear. 

•  A  writer  in  the  EdMmr^h  Review  (April,  18e4X  who  is  obTioualjr  not  pi^ndioed 
in  favor  of  English  Ordnance,  expresses  what  is  oertainlj  the  common  although  not  the 
unirersal  sentiment  of  England  with  regard  to  American  Ordnanoe.  AAer  the  Dahl* 
gren  and  Rodman  11  and  16-inch  gnna  and  the  Parrott  lOO-pounder  hare  endured  the 
thousand  test  rounds,  and  in  view  of  the  unprecedented  ecientifio  accnracjr  with 
which  the  figure,  material,  and  fabrication  (hollow  casting,  and  cooling  trota  withlnX 
of  the  Rodman  and  Dahlgren  guns  hare  been  perfected,  tho  writer  referred  to  rD> 
marks  as  follows: — "The  Americans  appear  to  have  a  natural  predilectkni  for  what  1^ 
big,  and  thejr  have  applied  themselves  to  the  production  of  huge  guns,  made  on  every 
variety  of  pattern,  with  very  little  scientific  uniformity  and  direction.  If  we  are  oorroeUy 
informed,  none  of  these  gons  have  shown  that  durability  whidi  is  essential  to  pem»> 
nent  service,  nor  ha;fe  their  effects  corresponded  to  the  ooat  and  labor  bealuwad  on 


f  The  ordinary  pr^eotile  of  the  Parrott  10-in.  gun  weighs  250  Iba. 
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and  effect.*  A  wiought-iron  shot  wastes  power  in  changing  its 
figure  (209). 

947.  This  defect  may  be  greatly  diminished,  or  perhaps  reme- 
died, by  making  the  ball  of  steeLf 
In  fact,  both  the  rifle  and  the  ^^'  "*" 

spherical  shot  should  be  of  a  harder 
and  tougher  material  than  has  yet 
been  employed  in  service.    The 

experiments  shot  recently  made      n^^^^e^  whitwonh  pr<4.cta.. 
of  Bessemer  steel,  and  those  used 

by  Mr.  Whitworth  (231),  have  almost  doubled  the  power  upon 
armor  of  the  present  guns.  Hardness  even  to  brittleness  is 
better  than  softness  and  ductility.  Even  cast-iron  balls  do  more 
damage  to  plates  than  wrought-iron  of  given  weight  and  velocity 
in  any  form  (212).  It  is  true  that  candles  have  been  fired  through 
boards,  and  that  a  40-lb.  lead  shot  was  fired  through  a  target 
made  of  four  1-in.  plates.  But  the  resistance  in  these  cases  was 
slight  compared  with  the  velocity.  A  5-in.  lead  shot,  fired  at  a 
stronger  target,  was  mashed  to  11  in.  diameter.    (See  Table  35.) 

S48.  The  spherical  shot,  in  case  it  does  not  break  up,  also  pre- 
sents the  greater  area  to  the  armor.  The  power  required  to  punch 
plates  in  a  machine,  is  chiefly  as  the  sheared  area.  The  cross- 
sectional  area  of  a  100-lb.  spherical  shot  is  about  double  that  of 
the  100-lb.  Parrott  bolt.    (236.) 

To  obviate  these  defects,  an  effective  elongated  projectile  must 
be  made  as  light  as  a  spherical  projectile.  This  has  already  been 
approximately  accomplished  by  Sir  William  Armstrong.  In  the 
experiments  of  March  17th  (186),  65^-lb.  bolts  were  fired  from  the 
110-pounder  7-in.  gun,  and  produced  rather  more  effect  than  the 


*  The  partides  oompodng^  *  cone,  the  base  of  which  is  the  surfaoe  of  contact,  are 
arrested  by  the  impact ;  the  remaining  particles  of  the  projectile,  composing  a  ring 
smroonding  this  cone,  move  on,  after  impact,  by  their  inertia,  until  the  ring  breaks 
into  pieces,  which  fly  off  from  tlie  reflecting  surface.  The  ring  generally  breaks  into 
5  pyramidal  pieces,  separated  by  as  many  meridian  planes ;  these  pieces  are  thrown 
at  rarious  distances,  depending  on  the  Telocity  of  the  prqjeotUe  and  the  surfaoe  of  im< 
pact — Ordnancfi  and  Gtamery.    Benton.     1862. 

f  This  subject  is  more  Ailly  considered  in  the  chapter  on  Rifling  and  Projectiles. 
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The  ArmBtrong  and  Wliitworth  guns  were  rifled  for  two 
Bone: 

Firat.  To  carry  punching-shells.  Since  a  solid  sphere  will 
break  upon  striking  armor  (246),  the  thin  walls  of  a  shell  and  its 
greater  overhanging  weight  would  insure  its  being  smashed. 
Shells  must,  therefore,  be  elongated ;  and  being  elongated,  moat 
be  revolved  about  their  major  axes,  in  order  to  be  kept  end  on,  at 
least  at  long  range.    Hence  the  necessity  of  rifled  guns. 

It  is  also  held  by  Mr.  Whitworth  and  others,  that  the  spinning 
motion  of  an  elongated  bolt  is  necessary  to  keep  it  end  on  whUe 
passing  through  armor. 

951.  Second.  The  Armstrong  and  Whitworth  guns  were  rifled 
for  long-range  fighting.  The  advantages  of  the  spherical  shot^ 
considered  above,  refer  to  short  ranges.  The  proceedings  of  the 
Defence  Commissions,  and  the  discussions  on  this  subject  in  Eng- 
land generally,  indicate  a  belief  that  iron-clad  warfare  will  be 
conducted  chiefly  at  long  ranges,  say  3000  yards.  As  far  as  this 
is  the  case,  the  rifle- bolt  will  have  the  advantage ;  its  velocity  de- 
creases much  less  rapidly  than  that  of  the  sphere,  because  it  pre- 
sents but  about  half  the  area  (as  ordinarily  proportioned)  to  the 
resistance  of  the  atmosphere  for  a  given  weight  By  experiment, 
the  68-lb.  8in.  ball  loses  25*7  ft.  at  30  yards'  distance  from  the 
gun,  91  ft.  at  100  yards,  157  ft.  at  200  yards,  and  581  ft.  at  1000 
yards,  the  initial  velocity  being  1579  ft.  The  Armstrong  111-Ib. 
7'in.  bolt,  with  an  initial  velocity  of  only  1125  ft.,  haa,  at  1000 
yards,  the  same  velocity  as  the  68-lb.  ball,  viz.,  981  feet  (See 
Table  of  Velocities.) 

959,  Sir  William  Armstrong  said,  before  the  Defence  Com- 
mission :* — "  I  am  now  making  a  gun  (30)  adapted  for  a  shot  twice 
the  weight  [of  the  lO^inch].  If  we  used  that  gun  with  the  same 
relative  charge,  it  would  be  fired  with  100  lbs.  of  powder;  the 
round-shot  for  that  gun  would  weigh  300  lbs.  With  such  a  gnn 
in  the  smooth-bore  state,  we  may  expect  to  produce,  at  1300  yarda, 
as  great  an  effect  as  was  obtained  against  the  Warrior  target,  in 

^  Report  of  the  Defenoe  Commistioiieni,  1863. 
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the  late  experiment,  at  200  yards  (227).  The  rifle-shot  for  the  same 
gun  will  weigh  not  less  than  600  lbs.,  and  would  produce,  at  3000 
yards,  the  same  effect  as  the  round-shot  at  1300  yards.  I  calcu- 
late the  velocity  of  impact  to  be  1200  feet  per  second  for  the 
300-lb.  round-shot,  at  1300  yards,  and  850  feet  per  second  for  the 
600-lb.  rifle-shot,  at  3000  yards." 

9tSS.  Eanoe  nr  Ison-Clad  Warfare.  —  Effective  iron-clad 
fighting  will  undoubtedly  be  done  at  short  range.  There  are,  cer- 
fainly,  many  arguments  to  the  contrary,  of  which  the  following, 
by  Captain  Noble,  E.  A.,  is  an  example : 

'^But  by  what  right  is  it  assumed  that  naval  actions  are  to  be 
fought  at  short  distances  for  the  future  f    Is  it  because  it  suits  the 
smooth-bore  guns  I    No  doubt  it  would  have  suited  the  Macedo- 
nian much  better  if  she  had  fought  her  action  with  the  United 
States  at  short  distance  rather  than  at  long ;  but  the  American 
would  not  follow  suit,  and  by  keeping  at  a  distance,  and  taking 
advantage  of  his  long-range  guns,  he  gained  the  day.    Exactly  the 
same  thing  occurred  in  the  action  between  the  £8sex  and  the  PhcBbe^ 
except  that  in  this  case  the  British  captain  took  advantage  of  his 
long-range  IS-ponnders,  chose  the  distance  that  suited  his  guns,  and 
in  a  very  short  time  compelled  his  enemy  to  surrender.    In  this 
action,  the  32-pounder  carronades,  which  formed  the  armament  of 
the  &$eXj  would  have  been  very  formidable  at  short  ranges^  but  they 
were  almost  useless  at  the  distance  at  which  the  action  was  fought." 
9S4.  But  it  is  evident.  Firsts  that  sufficient  velocity  to  punch 
armor  cannot  be  obtained  at  long  range,  even  from  rifles.     Only 
the  comparatively  thin  Warrior  and  Minotaur  targets  have  as  yet 
been  punched,  by  the  best  guns,  at  short  range. 

Second.  Sufficient  accuracy  of  aim*  to  hit  small  turrets,  the  low 
sides  of  Monitors^  or  even  the  high  sides  of  casern ated  frigates, 
when  these  objects  are  rapidly  changing  position  and  direction  hy, 
steam,  can  hardly  be  expected,  especially  when  with  low  veloci- 
ties, high  elevations,  and  curved  trajectories,  shot  can  only  drop 
upon  the  object  aimed  at  (242). 

•  "Out  of  the  entire  programme/' — flrin^f  at  1000  yards  at  the  Warrior  target — 
"with  the  13«3-iD.-gun  and  the  10* 6  in.-gun,  oaly  1  shot  struck  the  U  11.  target,  the 
others  graziDg  the  target,  or  missing  altogether.  And  yet  the  guns  were  laid  by  the 
most  experienced  Shoeburyness  gunners,  and  the  target  was  moored  in  smooth  water." 
— flU  Jkfck-yardi,  5Afp-yanb,  and  Marine  of  Ihrnec^Barry,  1864. 
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Besides,  opposing  vessels  will  be  trying  to  ram  one  another. 
Tlie  Monitor  and  the  Merriinack  were  hardly  a  dosen  yards  apart 
during  the  greater  portion  of  their  fight,  and  were  several  times 
in  contact. 

The  old  sailing-vessels  were  so  embarrassed  by  slnggish  locomo- 
tion and  vulnerable  sides,  that  the  victory  was  simply  a  question 
of  the  longest  arms.  But  it  is  hardly  to  be  expected  that  steam* 
rams,  clad  in  modem  armor,  will  do  either  one  of  three  things : — 1st, 
they  will  not  stand  still  to  be  shot  at ;  2d,  they  will  not  waste  time 
by  firing  at  a  distance  at  which  their  shots  will  make  no  impres- 
sion on  the  enemy,  while  they  have  the  power  and  appliances  for 
other  manoeuvres ;  8d,  they  will  not  lose  the  opportunity  of  smash- 
ing the  enemy^s  side  in  with  their  prows.  One  or  the  other  vessel 
can  do  this ;  whichever  attempts  it,  makes  the  battle  hand  to  hand. 
So  that,  irrespective  of  the  calculations  of  artillerists,  their  missiles 
will  not  have  far  to  go ;  and  they  will  not  be  likely  to  go  far  after 
striking,  if  much  power  is  wasted  on  projecting  heavy  masses  and 
spinning  them  at  high  velocities. 

SSff.  At  very  short  ranges,  it  is  probable  that  well-balanced 
elongated  shells  and  light  elongated  shot  would  go  end-foremost, 
with  sufficient  accuracy.  (See  chapter  on  Rifling.)  For  mere 
punching,  such  ranges  would  give  the  spherical  shot  nearly  every 
advantage.  Hence  a  large  number  of  rifle-guns  are  not  required 
for  mere  iron-clad  warfare.  Still,  there  may  always  be  some  work 
to  be  done — camps,  earthworks,  and  towns  to  be  shelled,  and  ma- 
sonry to  be  i>enetrated,  at  3  to  5  miles^  range — and  still  more  work 
at  300  to  1000  yards.  So  that  some  rifleguns  for  ordinary  shells, 
for  light  punching-bolts,  such  as  Stafibrd^s  sub-calibre  sliot  (249^ 
and  for  armor-punching  shells,  should  form  a  part  of  every  shipV 
armament 

S56.  Where  the  number  of  guns  is  limited,  as  it  must  be  in 
small  turrets  and  casemates  (room  for  guns  must  be  limited  in 
well-protected  ships  of  practicable  sixe),  it  is  important  to  utilize 
all  guns  for  all  purposes.  This  would  be  accomplished  by  a  sys- 
tem of  rifling  and  rifle  projectiles  that  would  neither  weaken  the 
gun  nor  impair  its  efficiency  for  spherical-ball  firing. 
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If  the  bore  for  smashing  and  racking  purposes  were  of  consider- 
able diameter,  it  would  involve  the  use  of  a  full-calibre  rifle-shot 
of  large  diameter.  This  shot  would  have  to  be  very  short,  in 
order  to  bring  a  safe  strain  upon  the  gun,  and  would  then  be  unfit 
for  very  long  ranges.  Its  diameter  would  also  be  too  great  to 
punch  thick  armor.  So  that  the  sub-calibre  system  (249)  would 
seem  to  be  indispensable  to  the  perfect  utilization  of  one  very  large- 
bore  gun  for  both  spherical  and  elongated  projectiles. 


Table  iUULVL — ^Wobk  dohb  bt  Different  Guhs,  the  68-Poundeb  being 

TAKEN   AT  UnITT. 


ISxrvMn  or  Qvn. 

Charfe. 
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of  snltd 

shot 

Work  done 
at  1000 
y«tls. 

Wnrk  don«  at  1000  yds.  by  IM-pdr. 

rifl^  In  ooniparison  with  ftS-pdr  and 

ISOpdr.  smooth-bore  at  SOO  yardiw 

lbs. 

lbs. 

yd«. 

68-poandcr,  smootli-bore  ... 

16 

66 

i*oo 

Iio-pounder,  Armstrong 

XI 

XXI 

1*69 

Ditto. 

>4 

XXX 

1.98 

150-pounder,  smooth-bore.  ... 

40 

X50 

3.24 

X  co-poundcr,   rifle 

40 
16 

ISO 
66 

5-»4 

68-poaDder,   smooth-bore... 

X  •oo  at  ftoo  yards. 

150-pounder,  rifle  

4« 

150 

2  •  50  at  1000  yards. 

150-poonder,  smooth-bore 

40 

150 

I  •  00  at  100  yards. 

150-poundcr,  rifle  

40 

X50 

0.88  at  xooo  yards. 

957.  Shot  of  Labob  Diameter. — A  large  diameter  of  punch- 
ing projectile  is  desirable  for  several  reasons : — 

Ist.  To  punch  a  large  hole,  thus  driving  a  great  volume  of  splin- 
ters into  the  ship,  or  making  a  dangerous  leak,  if  the  shot  is  at 
the  water-line. 

2d.  To  allow  shells  of  practicable  length  to  cany  high  bursting 
charges,  and  still  have  thick,  strong  walls. 

3d.  A  spherical  shot  of  large  diameter  has  a  greater  weight,  in 
proportion  to  its  cross-sectional  area,  than  a  small  spherical  shot ; 
in  other  words,  the  weight  increases  as  the  cube  of  the  diameter. 
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while  the  resistance  opposed  bj  air  increases  as  the  square  of  the 
diameter,  and  that  opposed  by  iron  as  the  diameter.  So  that  the 
large  shot  has  the  greater  range,  penetration,  and  accoracj. 

fUiS.  Banqes  of  Labob  Balls. — ^Mr.  Clay  says,  as  to  the 
range  of  the  13-in.  Horsfall  gun  :*  "  Up  to  12®  of  elevation,  the 
monster  gun  has  the  most  decided  advantage,  more  especially  in 
shorter  ranges ;  after  12®  the  rifled  gun  takes  the  lead.  *  *  * 
At  point-blank,  the  6S-pounder  (smooth-bore)  ranged  about  810 
yards,  the  Armstrong  (110-pounder  rifle)  about  350  yards,  and 
the  monster  gun  about  600  yards.  At  1®  elevation,  the  68-pounder 
ranges  730  yards,  the  Armstrong  to  670,  and  the  Horsfall  gun 
reaches  1030.  At  S"*  elevation,  the  68-pounder  ranges  1470 ;  the 
Armstrong,  1830;  and  the  300-pounder  gun,  1800  yards.  At  5"=^ 
elevation,  the  68-pounder  ranges  2000  yards ;  the  Armstrong  gun, 
1990  yards;  and  the  13-in.  gun,  2430.  At  7""  elevation,  the  68- 
pounder  ranges  2440  yards;  the  Armstrong  then  reaches  a  dis- 
tance beyond  the  68-pounder,  and  ranges  2570  yards ;  the  13-in. 
gun  ranges  2980  yards.  At  10®  elevation,  the  68-pounder  ranges 
2930  yards ;  the  Armstrong,  3470 ;  and  the  13-in.  gun,  3580.  At 
12®  elevation,  the  68-pounder  ranges  3200  yards.  The  Armstrong 
gun  then  takes  the  lead  by  a  considerable  distance,  and  ranges 
4040  yards;  and  the  13-in.  gun  ranges  3870  or  3880.  ♦  *  *  The 
time  of  flight  for  the  Armstrong  100-pounder,  at  point-blank,  is 
-f^  second,  and  for  the  monster  gun,  1  minute  and  1  second ;  at  10® 
elevation,  the  Armstrong  takes  12^^  seconds;  and  the  monster 
gun  12^  seconds ;  the  monster  gun  ranging  slightly  farther  in 
/r  of  a  second  less  time ;  therefore  tlie  average  velocity  of  that 
shot  must  have  been  slightly  superior  to  the  Armstrong.  *  *  * 
The  13-in.  gun  shows  great  superiority  in  this  comparison  (the 
proportionate  weight  of  powder  and  shot).  In  the  6S-]>ounder,  I 
think  the  charge  was  16  lbs.  of  j)owder  to  OG  lbs.  of  shot — aUmt  i ; 
and  the  proportion  of  powder  to  the  shot  in  the  13-in.  gun  was  50 
lbs.  of  powder  to  282  lbs.  of  shot— about  i." 

The  practice  with  the  15-in.  Rodman  gun  shows  the  following 

•  Report  of  Defenoe  Conunlaaion,  1862.    See  ebo  Table  34. 
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results :  *^  In  firing  for  accoracj,  with  the  minimum  charges  men- 
tioned (35  lbs.),  at  a  target  2000  yards  distant,  with  6^  elevation, 
the  shot  (828  lbs.)  stnick  the  ground  about  8  feet  below  the  level 
of  the  gun,  at  (6  trials)  2017,  1937, 1902, 1892, 1873  yards.  The 
lateral  deviations  were  1,  3,  },  5  yards  to  the  right  and  5  yards  to 
the  left,  showing  at  this  range  of  1|  miles  a  very  great  accuracy 
as  r^ards  horizontal  deviations,  to  test  which  the  firings  were 
made.  The  vertical  deviations  were  probably  due  to  varying 
initial  velocities,  or  perhaps  to  some  difierence  in  the  weight  of 
the  shells  fired.  Had  the  shot  been  intercepted  at  the  target  by 
a  vertical  plane,  they  would  have  been  found  included  in  a  verti- 
cal extent  of  about  6  yards,  not  much  over  the  height  of  a  three- 
decker. 

^The  ranges  with  maximum  elevation  of  28^  35^ — shells  of  334 
lbs.  and  50  lbs.  of  Rodman's  perforated  cake-powder — were  as  fol- 
lows: 5298, 4950, 5375  yards.  With  40  lbs.  large-grained  powder 
they  were  5435,  5062,  5730  yards,  and  the  time  of  flight  about  37 
seconds.  With  1 0^  elevation  and  40  lbs.  large-grained  powder,  they 
were  2700,  2900,  2754,  2760  yards.  These  ranges  do  not  exhibit 
any  decided  advantage  of  those  obtained  from  the  10-in.  gun  up 
to  10^  elevation.  Beyond  that  elevation  the  gain  is  considerable, 
and  may  be  estimated  at  about  600  yards  for  the  elevation  of  28^ 
35'.  With  39**  elevation,  and  a  charge  of  40  lbs.  of  lai^grained 
powder,  it  is  probable  a  range  considerably  beyond  4  miles  might 
be  obtained."* 

The  ranges  of  the  15-in.  spherical  shell,  according  to  late  experi- 
ments with  the  navy  gun,  are  as  follows : 
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The  great  range  and  accuracy  of  the  9'22-in.  Armstrong  smooth- 
bore (Table  37),  as  compared  with  the  smaller  smooth-bore  is 
attributed  partly  to  the  greater  proportionate  weight  of  the  shot 
to  the  resistance,  and  partly  to  the  reduction  of  vrindage. 

•  ''Notei  on  Sea-CoaBt  Defenoe."— Gen.  Barnard.     1861. 
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Table  XXXVII.— Rakobs,  Ac,  Abmbtbono  Muzzlb-Loaddto  Smooth-Bobs  9*S3- 
Inch  IOO-Pouitdbb.    Lbngth,  10  fbbt;  Wbiqbt,  136U  lbb.;  Cbabab^  33  lbb.; 

WiNDAQB,  0*065;    MUZZLB,  17*5  rBET  ABOVB  PLANB 
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The  gan  was  perfect  after  these  roundfl.  The  greater  aoraracj  of  the  large  goa 
as  compared  with  the  32-pdr.,  with  proportional  charge,  is  attributed  to  the  greater 
weight  of  the  large  shot  for  a  griven  resisting  area,  and  to  the  reduced  windage,  vis., 
0*014  of  the  area  of  the  bore,  that  of  the  32-pdr.  being  0061  of  the  area  of  the 
bore. 

S59.  Strain  of  Large  Balls  rpoK  the  Gun. — On  the  other 
hand,  the  lai^  spherical  shot  presents  the  smaller  area  to  the 
powder  for  a  given  weight,  and  thus  receives  a  lower  velocity. 
A  velocity  that  would  insure  its  penetration,  would  also  increaae 
the  strain  upon  the  gun.  As  to  the  whole  subject  of  strain  upon 
the  gun,  by  large  and  small  shot.  Professor  Treadwell  says  :* 

"It  is  perfectly  well  known  that,  if  we  have  a  pipe  or 
hollow  cylinder  of  say  two  inches  in  diameter,  with  walls  an 
inch  thick,  and  if  this  cylinder  will  bear  a  pressure  from 
within  of  1000  pounds  per  inch,  another  cylinder,  of  the  same 
material,  of  10  inches  in  diameter,  will  bear  the  same  number 
of  pounds  to  the  inch  if  we  increase  the  walls  in  tlie  same 
proportion,  or  make  them  five  inches  thick.  A  cnus-section  of 
these  cylinders  will  present  an  area  proportional  to  the  squares  of 


^  "The  Practicability  of  Constructing  Cannon  of  Great  Calibre,**  Aa    1856i. 
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their  diameters.;  and  if  the  pressnre  be  produced  by  the  weight  of 
plungers  or  pistons,  as  in  the  hydrostatic  press,  the  weight  required 
in  the  pistons  will  be  as  the  squares  of  the  diameters,  or  as  4  to  100. 

"  Now  carry  this  to  two  cannon  of  different  calibres,  and  take 
an  extreme  case.  Suppose  the  calibre  of  one  to  be  2  inches  in 
diameter  and  the  other  10  inches,  and  that  the  sides  of  each  gun 
equal  in  thickness  the  diameter  of  its  calibre.  Then,  to  develop 
the  same  force,  per  inch,  from  the  powder  of  each  gun,  the  inertia 
of  the  balls  should  be  as  the  squares  of  the  diameters  of  the  cali- 
bres, respectively ;  that  is,  one  should  be  25  times  as  great  as  the 
other.  But  the  balls,  being  one  2  and  the  other  10  inches  in 
diameter,  will  weigh  1  pound  and  125  pounds  respectively ;  the 
weights  being  as  the  cubes  of  the  calibres.  Ilence,  each  inch  of 
powder  in  the  large  gun  will  be  opposed  by  5  times  as  much  in- 
ertia as  is  found  in  the  small  gun.  This  produces  a  state  of  things 
precisely  similar  to  that  of  loading  the  small  gun  with  5  balls  in- 
stead of  1 ;  and  although  the  strain  thrown  upon  the  gun  by  5  balls 
is  by  no  means  5  times  as  great  as  that  by  1  ball,  there  can  be,  I 
think,  no  doubt  that  the  strain  produced  by  different  weights  of 
ball  is  in  a  ratio  as  high  as  that  of  the  cube  roots  of  the  respective 
weights.*  This  would  give,  in  the  examj>lo  before  us,  an  increase 
of  from  1  to  1'71,  or  the  stress  upon  the  walls  of  the  10-inch  gun 
wonld  be  71  per  cent,  greater  than  upon  those  of  the  2-inch  gun. 

^^The  foregoing  statement  and  comparison,  however,  do  not 


*  "  Button  inferred  that  the  velocities  of  ballB  of  different  weights  with  the  same 
charges  of  powder^  were  inverselj  as  the  square  roots  of  the  weigtits;  and  Captain  Mor- 
decai,  in  his  excellent  book  of  experiments,  makes  the  same  inference.  This  would  give 
BO  increase  to  the  force  of  the  powder,  and  must  be  impossible ;  and  I  find,  from  com- 
paring their  experiments,  and  computing  the  forces  developed  by  the  same  charges  of 
powder  with  shot  of  different  weights,  that  the  foroes  ore  almost  exactly  as  the  cube 
roots  of  the  shot  Thus  Button's  experiments  with  balls  of  1  -2  lb.  and  2*0  lb.,  veloci- 
ties 973  and  749,  give  forces  almost  exactly  proportional  to  the  cube  roots  of  1*2  and 
2-9.  Captain  Mordecai^s  experiments  with  balls  of  442  lb.,  9'28  lb.,  and  21  lb.,  veloci- 
ties 2696,  2150,  and  1520,  all  furnish,  by  computation,  forces  very  nearly  proportional 
to  the  cube  roots  of  the  respective  weights  of  the  balls.  Every  one  knows  that  a 
small  increase  in  the  weight  of  the  shot  in  a  fowling-piece  increases  in. a  sensible 
degree  the  reooQ,  and  the  stress  upon  the  gun.  This  is  so  universally  received  as 
true  by  ordnance  officers,  that  it  is  a  common  practice  to  use  two  or  more  balls,  instead 
of  an  increased  diarge,  in  proving  guns." 
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present  the  whole  case ;  for  they  are  made  upon  the  Buppoeition 
that  the  charge  of  powder,  in  each  instance,  is  as  the  square  of  the 
diameter  of  the  shot,  or  that  the  cartridges  of  the  2  and  the  10-inch 
guns  are  of  the  same  length.  This,  if  we  take  the  charge  of  the 
small  gun  at  ^  of  a  pound,  would  give  but  8^  pounds  for  the  large, 
or  iV  of  the  weight  of  the  shot.  The  velocity  obtained  from  this 
charge  would  produce  neither  range  nor  practical  effect,  and  to 
obtain  these  results,  that  is,  1600  feet  a  second,  we  must  either  in- 
crease  the  force  through  the  whole  length  of  the  gun  to  5  times 
that  required  for  the  small  gun,  or,  the  force  remain uig  the  same, 
we  must  provide  for  its  acting  through  5  times  the  space.  Neither 
of  these  conditions  can  be  practically  accomplished.  However, 
by  an  increase  of  both  the  charge  and  the  length  of  the  bore,  the 
result  may,  in  the  limits  under  consideration,  be  attained.  Thus, 
taking  the  large  bore,  if  we  double  its  length  and  make  the  car- 
tridge 5  times  as  long,  increasing  the  weight  from  SJ  to  4 If 
pounds, — or  perhaps,  having  an  advantage  from  the  comparative 
diminution  of  windage  and  the  better  preservation  of  the  heat, 
with  a  charge  of  from  30  to  35  pounds, — we  may  obtain  the  full 
velocity  of  1600  feet  a  second.  But  this,  again,  increases  enor- 
mously the  strain  upon  the  gun. 

"  It  does  not  appear  obvious,  at  a  first  view,  how  an  increase  in 
the  charge  should  increase  the  tension  of  the  fluid  produced  from 
it,  if  the  cavity  enclosing  it  be  proportionably  enlarged.  If  a 
steam-pipe  a  foot  long  will  sustain  the  pressure  of  a  given  quantity 
of  steam,  of  a  given  temperature,  a  pipe  two  feet  long,  of  the  same 
thickness  and  diameter,  will  sustain  the  pressure  produced  by  a 
double  weight  of  steam  from  the  same  boiler.  Why,  then,  should 
the  pressure  upon  a  cannon  be  increased  by  a  double  length  of 
cartridge  ?  The  difference  seems  to  be  this :  with  the  steam,  the 
pressure  is  as  in  a  closed  cavity ;  with  the  powder,  the  tension 
depends  upon  the  movement  of  the  shot  while  the  fluid  is  forming. 
Now,  whether  the  charge  be  large  or  small,  the  motion  of  the 
shot  commences  while  the  pressure  is  the  same  in  botli  cases,  and 
before  the  charge  is  fully  burned,  and  with  the  same  velocMty  in 
both  cases ;  but  with  the  large  charge  the  fluid  is  formed  faster 
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than  with  the  small,  while  the  enlargement  of  the  cavity  by  the 
movement  of  the  shot  is  nearly  the  same  in  both  cases.  This 
destroys  the  proportion  between  the  sizes  of  the  two  cavities,  and 
the  tension  must  increase  faster,  and  become  greater,  from  the 
larger  charge.  The  law  of  this  increase  cannot,  from  the  compli- 
cate natnre  of  the  problem,  be  stated  with  any  reliable  exact- 
ness ;  bnt  we  may,  I  think,  conclude,  from  the  increased  velocity 
of  the  shot,  and  many  other  effects,  that  the  stress  thrown  upon 
the  gnn  by  different  charges  of  powder,  within  ordinary  limits, 
will  not  vary  essentially  from  the  square  roots  of  those  charges.* 
If,  then,  we  increase,  in  the  example  under  consideration,  from  a 
charge  of  8\  pounds  to  one  of  82  pounds,  the  stress  upon  the  gun, 
being  as  the  square  roots  of  these  numbers,  is  raised  from  2*88  to 
6*65,  or  from  *1  to  1*96.  Having  already  increased  the  stress 
upon  the  gun,  by  the  shot,  from  1  to  1*71,  if  we  multiply  these 
together,  we  have  a  total  increase  of  from  1  to  3'35.  That  is  to 
say,  if,  under  the  conditions  here  stated,  we  load  a  gun  of  2  inches 
calibre  with  1  shot  and  i  of  a  pound  of  powder,  and  a  gun  of  10 
inches  calibre  with  1  shot  and  32  pounds  of  powder,  the  stress 
upon  each  square  inch  of  the  bores  will  be  8*35  times  greater  with 
the  large  than  with  the  small  gun ;  when  at  the  same  time,  if  the 
walls  of  both  have  a  thickness  proportional  to  the  diameters  of  the 
calibres  in  each,  the  large  gun  will  be  incapable  of  sustaining  a 
greater  pressure  per  inch  than  the  small  one.  Even  with  a  charge 
of  12  pounds  of  powder,  the  stress  upon  the  large  gun  must  be 
more  than  double  that  upon  the  small  gun  when  charged  with 
one-third  the  weight  of  its  ball. 

*  "  Hatton  gives  the  velocities  of  the  balls  as  the  square  roots  of  the  charges,  and 
the  experiments  of  Captain  Mordecai,  although  giving  the  velocities  of  the  larger 
charges  somewhat  below  this  ratio,  do  not  wholly  contradict  it  This  assigns  to  the 
charges  an  effect,  or  power,  that  is,  pressure  multiplied  by  the  space,  which  is  directly 
as  the  charge.  Now  this  result  cannot  be  produced,  with  the  larger  charges,  wholly 
by  the  coDtinuanoe  of  the  pressure  during  the  last  part  of  the  passage  of  the  b^ 
throagrh  the  bore,  although  a  large  portion  of  it  may  be  derived  from  that  source;  but 
there  must  be  a  great  increase  of  the  tension  in  the  fluid  during  the  first  part  of  the 
baU*8  motioti,  and  an  equal  increase  of  the  strain  upon  the  gun.  It  appears  to  me 
that  the  hyi)Othe8is  stated  above,  and  the  ratio  of  force  there  assigned  to  different 
diargeSy  are  in  perfect  accordance  with  these  and  other  experiments." 
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^^  The  preceding  examination  does  not,  I  think,  present  the  dif- 
ficulties to  be  overcome  in  increasing  the  size  of  cannon  as  greater 
than  they  reallj  are ;  and  although  the  results  that  I  have  arrived 
at  are  from  extreme  cases,  and  may  be  said  to  be  mere  deductions, 
yet  they  are  deductions  legitimately  drawn  from  the  most  reliable 
experiments  that  have  been  made."    (See  also  221  and  238.) 

SOO.  One  other  consideration  is  involved  in  determining  the 
diameter  of  projectiles.  It  has  been  stated  that  projectiles  much 
less  in  diameter  than  the  thickness  of  the  iron  target,  are  not 
likely  to  penetrate  it,  with  the  highest  velocities  at  present 
attained ;  so  that  the  size  of  guns  and  projectiles  can  hardly  be 
decreased  below  the  present  class  of  what  we  may  call  armor- 
punching  guns — the  Whitworth  7-in.,  the  Parrott  8-in-,  and  the 
Armstrong,  Dahlgren,  and  Parrott  9  to  lO^-in.  guns. 

961.  Jnerito  and  Defeeu  off  tbe  System. — The  obvious  dis- 
advantages of  the  "  racking'^  system,  by  means  of  Iieavy  projectiles 
at  low  velocities,  are  loss  of  power  and  loss  of  time.  The  veloci- 
ties of  light  shot,  with  a  given  strain  upon  the  gun,  are  so  high, 
that  little  power  is  wasted  in  distributed  effect.  When  such  a 
shot  goes  through  a  plate,  it  shears  out  a  piece  of  the  plate,  in  sub- 
stantially the  same  manner  that  a  hand-punch  shears  a  disk  out 
of  a  sheet  of  iron  laid  on  a  wooden  block.  The  block  prevents  the 
sheet  of  iron  from  being  bulged,  distorted,  and  racked  bodily ;  the 
inertia  of  the  surrounding  ship's  side,  as  well  as  the  backing, 
prevent  the  plate  struck  by  a  projectile  from  being  acted  upon 
bodily.  The  hole  is  punched  before  there  is  time  to  bring  the 
elasticity  and  ductility  of  the  target  into  service.  Whatever 
power  the  gun  is  able  to  stand,  is  concentrated  upon  the  smallest 
possible  area,  and  therefore  meetn  with  the  smallest  possible  resist- 
ance, instead  of  being  distributed  to  the  crippling  of  a  lazge  sur- 
face and  the  vibration  of  the  whole  ship's  side.  Supposing  heavy 
shot  at  low  velocities  to  shake  off  a  portion  of  the  enemy's  armor, 
leaving  his  skin  bare,  or  to  so  smash  and  rack  his  side  as  to  cause  dan- 
gerous weakness  and  leakage :  time — perhaps  hours — may  elapse 
before  the  fatal  shell  can  be  planted  in  the  one  case,  or  the  fatal 
battering  be  inflicted  in  the  other.    Meanwhile,  tlio  enemy's  fleet 
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has  at  least  a  chcmce  to  manoeuvre  to  its  final  advantage,  or  to 
fight  its  waj  to  within  shelling  distance  of  a  city.  But  the  pene- 
trating shot  accomplishes  its  whole  work  at  a  hlow,  if  at  all ;  and 
since  its  whole  work  is  concentrated  upon  the  smallest  area,  that 
blow  represents  the  maximum  destroying  power  of  the  gun.  If 
the  velocity  of  a  shot  were  infinitely  fast,  it  would  waste  no  power 
at  all ;  if  it  were  infinitely  slow,  and  the  shot  infinitely  heavy,  it 
would  utilize  none ;  it  would  simply  push  the  ship  bodily. 

Suppose,  however,  that  the  range  is  so  great  or  the  armor  so 
resisting,  that  the  strongest  gun  will  not  penetrate  it.  Racking 
is  then  the  only  resort;  and  since  the  small  shot,  intended  to 
punch,  wastes  much  of  its  power  in  fruitless  local  effect,  it  has 
little  lefl  for  distributed  effect.  In  such  a  case,  the  importance 
of  a  heavier  and  slower  battering  shot,  in  connection  with  the 
others,  is  obvious  (267). 

36S.  Effect  of  Punchino-Shot  in  Turrets. — It  is  a  common 
mistake  to  attach  little  importance  to  the  effect  of  small  solid  shot, 
even  if  they  do  punch  the  armor  of  a  ship.  It  is  said,  truly 
enough,  that  mere  shot,  passing  in  at  one  side  of  a  vessel  without 
armor,  and  out  at  the  other,  were  not  considered  formidable  in 
comparison  with  sheUs.  Of  course,  the>few  men  that  happened  to 
be  in  the  line  of  a  shot,  were  killed ;  but  that  did  not  put  the  ship 
out  of  action.  Besides,  small  holes  are  easily  plugged.  A  distin- 
fished  British  naval  oflScer,  in  expressing  Jack^s  contempt  for  all 
€4>TtA  of  pounders,  firom  IS's  to  OS's,  when  firing  solid  shot,  added, 
-*  but,  for  God's  sake,  keep  out  the  shells  1"  Tlus  is  the  text  of 
many  discourses  on  the  subject. 

What  may  be  true  of  a  vessel  without  armor,  is  not  necessarily 
true  of  a  vessel  covered  with  plates ;  and  the  case  of  a  whole  ship, 
with  men  and  machinery  distributed  throughout  its  length,  is 
essentially  different  from  that  of  a  small  turret  or  casemate,  into 
which  the  vitality  of  the  ship  ia  crowded.  It  is  the  thin  line  in- 
stead of  the  close  column.  The  armor,  it  is  true,  is  only  punched 
by  a  swift  shot ;  but  the  part  punched  out  is  generally  broken  to 
pieces,  and  the  shot  is  broken  to  pieces,  and  the  backing  and  skin 
are  torn  into  splinters,  every  one  of  which  is  a  missile  of  sufilcient 
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power  to  put  men^  if  not  macliinery,  hars  cU  combat.     This  wis 
actually  the  case  iu  the  thinly-clad  Galena  (Fig.  128),  when  pierced 

Fio.  128. 


Section  of  the  armor  of  the  Gokna  (built  of  wood).    ^  size. 

by  the  fire  of  Fort  Darling,  on  the  James  River.  The  debris  of 
the  armor  spread  on  all  sides  of  the  line  of  the  shot,  in  the  form 
of  a  cone.  Although  the  shot-hole  may  be  little  larger  than  the 
projectile,  in  the  front  of  the  plate,  it  is  invariably  much  larger  in 
the  rear  (202).  A  68-lb.  ball  drove  a  hole  that  measured  8  J  in. 
diameter  in  front  and  20  in.  at  the  back,  through  one  of  the  earlier 
4^in.  plates.*  This  increased  diameter  of  the  part  driven  out  of 
the  plate  is  equivalent,  if  it  passes  through  the  backing  and  skin 
(as  it  did  in  several  cases  mentioned  in  Table  31),  to  a  projectile 
of  this  diameter  fired  into  the  ship. 

Again,  the  shot  that  penetrates  merely  the  wooden  or  iron  skin 
of  a  ship  without  armor,  loses,  in  so  doing,  so  little  of  its  velocity, 
that  the  inertia  of  the  parts  surrounding  that  immediately  struck 
holds  them  together.  But  after  passing  thn)ugh  armory  the  velo- 
city of  a  shot  is  so  much  reduced  that  its  remaining  power  and  the 
power  of  all  the  new  projectiles  that  it  makes  out  of  the  pieces  of 
the  armor,  have  time  to  be  communicated  to  the  surrounding 
parts,  and  thus  to  (^ve  in  an  expanding  column  of  splinters.  Sir 
Howard  Douglass  says,  on  the  subject  :t  "  In  close  action,  shot 
disc^harged  from  large  guns  with  the  full  quantity  of  {K>wder, 
tear  off  fewer  splinters  than  balls  fired  from  the  same  nature 
of  guns  with  reduced  charges.  *  *  *  In  firing  into  masses  of 
timber,  or   any  solid  substance,  that  velocity  which  can  but 

♦  London  **  Rninneer.** 

t  "  NatiI  Gunnery.'*    1860. 
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-  Corresponding  generally  to  the  undermentioned  detail  of  Arm- 
fining  projectiles  which  took  effect  against  Tower  No.  71 : — 
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lh*B«re  Ohms,  ^^the  surface  of  the  tower  was  gen- 
erallr  demolished^  hut  unequally.  Tlie  ^ufiorficial  area  of  one  fac*e 
or  i^emictrcle  <>f  the  t4)wcr  i*  about  2020  nqnare  feet ;  effect  was 
risihle  over  1072  square  feet  of  this  surface;  and  the  depth  of 
maaimry  penetratM  having  l>een  very  can^fully  measured  over  tlie 
whole  surface,  by  Lieut-G>l.  Lennox,  R.  E.,  the  following  is  the 
resok: 
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town  or  navy  yard,  for  instance,  a  chance  to  manoeuvre,  if  there 
can  be  any  means  devised  to  silence  or  cripple  him  at  once. 

SOtS*  PuKCHiNO  BELOW  Water. — ^^Tho  most  formidable  work 
of  bolts,  at  high  velocities,  is  the  punching  of  a  vessel,  below  the 
water-line,  or  below  her  armor.  The  admission  of  water  may, 
indeed,  be  stopped,  since  the  holes  will  be  necessarily  small  But 
a  shot  in  a  hoiler  is  a  most  serious  calamity.  It  not  only  destroys 
the  locomotive  power  of  the  vessel,  leaving  her  without  the  means 
of  manoeuvring,  or  escaping  from  rams,  or  stranding,  but  it  is 
likely  to  cause  great  destruction  of  life.  Several  converted  vessels 
and  transports  vrith  exposed  boilers,  several  light-draught  Western 
iron-clads  with  boilers  necessarily  above  water,  and  one  or  two 
gunboats  of  which  the  draught  could  not  be  made  to  accommodate 
the  height  of  a  certain  patented  boiler,  have  been  thus  pierced  by 
shot  during  the  present  war. 

Mr.  Whitworth  stated,  before  the  Defence  Commissioners,* 
that  he  had  fired,  from  a  24-lb.  brass  howitzer  that  was  rifled,  a 
flat-pointed  32-lb.  shot,  with  2^  lbs.  of  powder,  tlirough  30  feet  of 
water  and  8  inches  of  oak  situated  3  feet  below  the  surface,  and 
that  flat-pointed  projectiles  will  go  straight  through  water. 

Then,  of  course,  a  similarly  shaped  projectile,  fired  with  25  to 
50  lbs.  of  powder,  from  the  present  Whitworth,  Armstrong,  or 
Parrott  guns,  would,  at  a  range  short  enough  to  give  the  neces- 
sary depression,  penetrate  the  skin  of  a  vessel,  if  it  was  not  pro- 
tected by  heavy  side  armor  or  by  a  very  sharply  rising  floor;  or  it 
might  i)enetrate  the  side-armor  of  a  vessel,  if  made,  as  is  usual  in 
England,  thinner  below  than  above  the  water-line.  Precautions 
have  been  taken  against  both  these  results  in  some  of  the  new 
American  designs.  Should  the  accelerating  gun  (See  Ap]>endix) 
give  as  g(M)d  results  on  a  larger  scale  as  it  has  given  on  a  small 
scale,  tapping  the  boilers,  or  breaking  the  engines  of  the  ])resent 
iron-clads,  at  least,  would  be  comparatively  easy  work.  The  pos^i- 
tion  of  the  boilers  may  generally  be  inferred  by  the  enemy  from 
the  position  of  the  chimney. 

^  **  Report  of  the  Defence  Commiisionera,**  1862. 
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The  inrreaned  penetration  of  tlie  rifled  projectiles  ia  in  a  far  higher 
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rear  was  too  small  to  hold  an  adequate  bursting  charge.  2.  The 
cavity  was  large  enough  to  weaken  the  walls  of  the  shell,  so  that 
the  bursting  charge  was  fired  as  much  backward  as  forward  into 
the  ship.  But  the  Armstrong  lO^iu.  shell,  witli  a  11 -lb.  bursting 
charge,  remedied  the  defect  in  a  great  degree,  and  showed  what 
might  be  expected  from  higher  velocities.  (See  Gun  Cotton — 
Appendix. 

Skotion  IV.    Thk  Two  Systems  Cohbinbd. 

S07.  The  maximum  utilization  of  power  and  time,  and  the 
consequent  infliction  of  the  maximum  damage  upon  an  enemj^s 
iron-dad  fleet,  appear  to  demand  projectiles  of  moderate  weight, 
so  that  they  may  have  high  velocity  with  a  given  strength  of  gun. 
At  the  same  time,  there  may  be  circumstances  under  which  the 
heavy  shot,  at  a  low  velocity,  will  be  the  more  formidable  missile. 

What  has  been  said  in  the  preceding  pages  refers  to  the  exclu- 
sive use  of  one  system  or  the  other.  But  it  will  appear  that  two 
forces  may  prepare  the  way  for  each  other,  so  as  to  produce  a 
more  formidable  result  than  when  they  arc  independently  exercised. 
The  defect  of  the  light-shot  system,  when  the  range  is  very  long 
or  the  armor  very  thick,  and  of  the  heavy-shot  system  when  the 
range  is  even  very  short,  and  the  armor  is  laminated  or  so  con- 
structed as  to  suffer  little  from  racking  and  shaking,  is  the  waste 
of  power  in  producing  hical  efiect  that  is  fruitless,  because  it  is 
incomplete.  Another  defect  of  the  heavy-shot  system  is  its  waste 
of  power  in  overcoming  only  the  elasticity  and  ductility  of  ma- 
terials, without  straining  it  to  the  [)oint  of  ruptura  Nor  is  the 
punching  system  all  that  could  be  desired  in  its  destructiveness 
of  the  fighting  and  manojuvring  }>owers  of  an  enemy'*  ship. 
Wearing  out  the  resistance  of  a  ship's  armor,  or  the  seaworthiness 
of  her  frame,  and  projecting  small  columns  of  splinters  into  her 
vitals  by  means  of  small  shot  and  weak  sheUs,  take  too  much 
time  and  involve  too  much  risk. 

968.  Light,  fast  shot  may  riddle  armor  without  dislocating 
it  as  a  whole;  but  if  it  is  not  previously  weakened,  heavy  shot 
cannot  smash  it  in.    TVliat  is  more  obvious  than  the  combine- 
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tion — ^weakening  the  armor  by  the  loss  of  substance,  tenacity, 
and  continuity,  until  the  heavy  shot  can  carry  in  a  large  section 
of  it  bodily!  At  the  same  time  the  general  straining  and  crack- 
ing of  plates  produced  by  tlie  heavy  shot  makes  punching  all  the 
easier.  Meanwhile,  the  light  shots  that  do  penetrate  are  doing 
good  work  upon  the  enemy  within,  without  reference  to  the  weak- 
ening of  his  shield. 

There  have  been  no  experiments  made  with  any  direct  reference 
to  this  method  of  fighting  iron-clads.  But  the  case  is  so  simple, 
that  the  result  can  be  pretty  confidently  predicted.  "When  a  bar 
is  to  be  broken,  it  is  nicked,  bored,  or  otherwise  weakened  at  the 
point  of  the  intended  fracture,  either  by  the  loss  of  material  or 
the  reduction  of  its  cohesion,  or  both.  The  thick  targets  (Table 
28)  were  not  torn  down,  because  they  had  so  much  coiitinuity 
of  substance  and  support.  If  the  plates  could  have  been 
previously  fractured,  or  punched,  or  partially  punched,  and  the 
bolts  broken,  and  the  backing  splintered,  and  the  ribs  cracked  in 
different  places  around  the  part  intended  to  be  carried  away,  the 
tenacity  and  elasticity  of  so  much  of  the  structure  would  have 
been  overcome,  and  fractures  would  have  been  already  started  in 
the  rest 

As  a  part  of  this  system^  the  very  shots  wliich  do  least  damage 
by  themselves,  contribute  most  usefully  to  the  general  result. 
Nearly  pimching  a  small  hole  does  no  damage  to  the  enemy,  and 
affords  no  aid  to  the  next  small  shot  that  may  strike  quite  near  it, 
foT  the  hycal  strength  of  the  particular  spot  it  strikes  is  what  the 
swift  shot  has  to  overcome.  Any  amount  of  elasticity  and  tena- 
city, or  weakness*  and  fracture,  five  or  six  feet  away  from  it,  does 
not  lighten  its  labor  any.  A  very  heavy  and  slow  shot  may  be 
fired  at  laminated  armor  without  materially  reducing  the  work  to 
be  done  by  those  that  are  to  follow.  The  strain  is  so  widely  dis- 
tributed and  absorbed  by  the  elasticity  and  ductility  of  the  fabric, 
that  it  produces  no  essential  damage  at  any  one  spot.  But  even 
nearly  punching  a  small  hole  almost  entirely  destroys  the  strength 
of  some  part  of  the  square  yard  or  square  rod  of  a  ship's  side  that 
resista  the  racking  blow  of  the  heavy  shot. 
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After  a  time,  the  remaining  continuity  of  strength  is  inBuflScient 
to  refliBt  the  Bmaahing  blow,  and  a  section  of  the  iron  wall  is 
driven  in,  crushing  men  and  machinery,  and  opening  the  enemy's 
side  to  the  sea  and  to  every  projectile  which  can  be  thrown  with 
tolerable  accuracy — ^bullets,  grape,  and  the  enormous  shells  of 
these  very  battering  guns. 

369.  It  will  be  objected  that  this  process  is  wasteful  of  time, 
and  that  each  great  gun  occupies  the  room  and  buoyancy  of  two 
lighter  or  punching  guns.  This  objection  would  not  be  well 
founded.  The  present  improvements  in  armor,  and  the  obvious 
means  of  increasing  its  resistance  to  all  kinds  of  strains,  may  yet 
place  artillerists  in  the  following  position :  a  fight  must  indeed  be 
brief,  or  the  enemy  will  manceuvre  himself  into  shelling  range  of  a 
city  or  navy  yard.  During  a  brief  action  they  cannot  batter  and 
shake  down  his  side  with  heavy  shot,  and  they  cannot  punch  it 
with  light  shot.  The  only  thing  that  they  can  do  is  to  weaken 
his  armor  so  much  in  detail  that  they  can  at  last  smash  it  in. 
No  one  class  of  projectiles  can  do  this.  There  must  lie  two 
classes.  Besides,  if  guns  are  all  of  small  calibre,  no  matter  how 
much  powder  they  will  stand,  they  cannot  throw  the  most  formi- 
dable shells  at  vessels  without  armor,  or  at  fortifications,  and 
troops,  and  buildings,  on  shore.  The  usefulness  of  some  heavy 
guns  in  fighting  the  present  class  of  £uroi)ean  iron-clatls — ]>celing 
them — is  obvious  from  the  experiments  already  detailed. 

970.  General  Conelnsioiu. — The  work  demanded  of  guns 
for  iron<*lad  warfare,  is  not  the  mutilation  of  armor,  but  the  disa- 
bling of  the  active  enemy — men,  guns,  and  machinery — within  it. 

With  a  given  strength  of  gun-metal, /r<  attempting  by  means 
of  very  heavy  shot,  at  velocities  necessarily  very  low,  to  shake  off 
the  enemy's  armor,  for  the  purpose  of  shelling  liim  afterwards, 
gives  the  elasticity  and  ductility  of  the  material  time  to  al)sorb 
much  of  the  power  of  the  shot. 

St'con^L  Attempting  to  render  an  enemy's  vessel  untenable  and 
unseaworthy  by  smashing  his  sides  with  shot  too  hea^-y  and  too 
slow  to  actually  jmnch  them,  wastes  the  greater  part  of  the  jniwer 
in  local  effect  that  is  fruitless,  because  it  is  incomplete  (,207). 
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Thinl.  BotJi  these  processes  involve  dangerous  delays,  during 
which  the  enemy  may  fight  or  manoeuvre  himself  into  shelling 
range  of  towns  and  navy  yards. 

Fourth,  Punching-shot  of  moderate  diameter,  and  light  enough 
to  receive  a  high  velocity,  meet  with  the  least  resistance  and 
waste  the  least  power  in  uselessly  mutilating  and  vibrating  the 
armor ;  they  strike  the  enemy  at  once. 

Fifth.  The  destructive  effects  of  shot,  after  passing  through 
armor,  are  very  serious,  especially  when  men  and  machinery  are 
(as  they  must  be)  crowded  together  in  small  turrets  or  casemates. 

Sixth.  Some  rifled  guns  are  required  to  throw  sheUs  through 
armor,  and  for  other  purposes,  at  long  range. 

Seventh,  To  utilize  space  and  buoyancy,  a  system  of  rifling  is 
required  that  will  not  impair  the  eflSciency  of  the  gun  as  a  smooth- 
bore. 

Eighth,  Flat-fronted  bolts,  at  high  velocities,  can  be  fired 
through  vessels  below  water. 

Ifinih.  Shells  can  be  thrown  through  armor  with  nearly  as 
much  facility  as  solid  shot. 

Tenth,  The  combination  of  the  two  systems — ^heavy  racking  and 
smashing  shot,  and  smaller  punching-shot — utilizes  both.  The 
latter,  without  losing  its  independent  usefulness,  renders  the  heavy 
shot  effective. 

Fleventh,  Some  guns  of  large  calibre  are  also  necessary  to  shell 
towns,  earthworks,  and  vessels  without  armor,  most  effectively. 

S71.  In  the  present  state  of  the  art  of  gun-making,  a  10  to 
12-in.  gun,  rifled  so  as  to  carry  spheres  without  injury,  to  fire  steel 
and  cast-iron  balls  at  short  range,  and  light  sub-calibre  punehing- 
bolts  and  shells  at  high  velocities,  and  long,  hea\'y  shells,  with 
large  bursting  charges  and  small  propelling  charges,  at  long  range, 
would  appear  to  be  the  greatest  concentration  of  offensive  power 

(339)- 

But  if  two  kinds  of  naval  guns  are  to  be  used — and  this  would 
apx>ear  to  be  the  better  system — a  smaller  gun  would  stand  higher 
relative  charges,  and  thus  give  higher  velocities  to  puncliing-shot, 
and  a  larger  gun — perhaps  a  greater  calibre  than  20  inches — ^would 
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most  promptly  and  effectually  smash  in  a  ship's  side,  throw  off 
her  armor,  and  impair  her  sea-going  as  well  as  her  defensive  quali- 
ties, es])ecially  when  her  armor  was  riddled,  or  shattered  and 
weakened  at  different  points,  by  smaller  and  swifter  projectiles. 


Section  Y.    Bbeachino  Masonst. 

S79.  In  addition  to  destroying  iron-clads,  modem  cannon  will 
be  expected  to  destroy  masonry.  The  relative  merits  of  rifles  and 
smooth-bores,  for  this  purpose,  have  been  well  settled  by  cajnefiil 
experiments  in  England,  as  well  as  by  actual  warfare  in  America. 
The  following  facts  render  an  extended  discussion  of  the  subject 
quite  unnecessary : 

373.  AlMitraet  of  the  Report  of  the  Ordnance  Select  Coai- 
mlttee,  January  M,  1961,  on  Breaetain^  Experinents  asninst 
niartello  Towers. — The  towers  were  of  brick,  40  ft.  diameter  at 
the  top,  40  ft.  at  the  bottom,  and  32  ft.  higK  Least  thickness  at 
the  foot,  7  ft.  3  in. ;  at  the  springing  on  the  vault,  5  ft.  6  in. 

The  object  of  the  experiments  was  to  compare  the  eflfect  of 
spherical  with  that  of  rifled  projectiles. 


Table  XXXYHI. — Guks  and  Chabobs  used  ik  BBE^cHiyo  ICabtkllo  Towxbs. 
Smooth-Bobes  agaikbt  Toweb  No.  49. 

6t*poanderty  of  95  cwt.       Charge^  16  lbs.       Shell,  49^  Ibt.       Banter,  a|^  Ibc. 
3ft-poanden9  of  58  cwt.       Charge,  10   **         SheU,  fti^   **         Banter,  i  lb. 

RxTLED  Guks  AQAnrer  Towxb  Na  71. 

6-in.  So-pdr.  Armatrong  gan.     Charge,  10  lbs.     Shot,  8a  lbs  

6-m.  80-pdr.  Armstrong  gun.     Charge,    9  **       Shell,  77  *'       Banter,  5  lbs.  8  os. 
7-in.  Armstrong  howitzer.  Charge,    9  "       Shell,  1 00  <^       Banter,  8   *• 

40-pdr.  Armstrong  gun.  Charge,    5   ««   j^j^^  1 41  lbs.  Banter.  »  «    8  « 

The  range  was,  in  both  cases,  103a  yards. 


With  Spherical  Shot. — ^' Expenditnre  of  ammimition,  271 
rounds ;  of  which  took  effect  as  follows.    (Tower  No.  49). 
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Tablb  XXXIX. 


Natubs  or  Ovx. 

BUod  ahelU. 

LlT«  ihellflL 

ToUl. 

40 

11 

0 

44 

95 
68 

^^•DOttnilcr.  imooth-bore 

y 

Total 

64 

20              !              TO 
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"  Corresponding  generally  to  the  undermentioned  detail  of  Arm- 
strong projectiles  which  took  effect  against  Tower  No.  71 : — 


Tablk  XL. 


Solid  shot 

Blind  sheila. 

Lire  BhoUa. 

ToUL 

7wiick  howitscr,   rifled 

»9 

0 
10 

1 

36 
43 

63 
3« 
64 

Total  

39 

II 

108 

158 

HV'itli  Smootli-Bore  Oans,  "the  surface  of  the  tower  was  gen-r 
erallj  demolished,  but  unequally.  The  superficial  area  of  one  face 
or  semicircle  of  the  tower  is  about  2020  square  feet ;  effect  was 
visible  over  1072  square  feet  of  this  surface ;  and  the  depth  of 
masonry  penetrated  having  been  very  carefully  measured  over  the 
whole  surface,  by  Lieut.-Col.  Lennox,  R.  E.,  the  following  is  the 
result: 

Tablb  XLI.-^lfAsoimT  Displaosd  to  a  Dkpth  or 

LcM  than  i  foot  on 140  square  fcct. 

Between  X  foot  and  ft  fieet  on , 567      "        •* 

Between  ft  and  3  foet  on 210      "        " 

Between  3  and  4  foet  on 112      «<        « 

Between  4  and  5  feet  on 33      «<        «• 

Orer  5  foet  on 56     "        «* 

loaS 
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most  promptly  and  effectually  Bma&h  in  a  ahip's  side,  throw  off 
her  armor,  and  impair  her  sea-going  as  well  as  her  defensive  qiiaii- 
ties,  es])eciallj  when  her  armor  was  riddled,  or  shattered  and 
weakened  at  different  points,  hj  smaller  and  swifter  projectiles. 


Section  Y.    Bbeachino  Masonet. 

979.  In  addition  to  destroying  iron-clads,  modem  cannon  will 
be  expected  to  destroy  masonry.  The  relative  merits  of  riffes  and 
smooth-bores,  for  this  purpose,  have  been  well  settled  by  careful 
experiments  in  England,  as  well  as  by  actual  warfare  in  America. 
The  following  facts  render  an  extended  discussion  of  the  subject 
quite  unnecessary : 

973.  AlMitraet  of  the  Report  off  the  Ordnaaee  Select  Com- 
nlttee,  January  35, 1861,  on  Breaetainv  Experlnents  avalnat 
Martello  Towers. — The  towers  were  of  brick,  40  ft.  diameter  at 
the  top,  44>  ft.  at  the  bottom,  and  32  ft.  high.  Least  thickness  at 
the  foot,  7  ft.  3  in. ;  at  the  springing  on  the  vault,  5  ft.  6  in. 

The  object  of  the  experiments  was  to  compare  the  effect  of 
spherical  with  that  of  rifled  projectiles. 


Tablb  XXXVIII. — GuKS  and  Crabobs  usbd  n  BRK^cHiNa  Martkllo  Town 
SifooTB*BoRis  AOAnrer  Towxr  No.  49. 

6S-poan<icn»  of  95  cwt.       Chftrge,  i6  11m.       Shell,  49^  lbs.       Burster,  ft^  Ibi. 
31-pottnaerty  of  58  cwt.       Charge,  10   **        Shell,  as^   **         Borsier,  1  Ih. 

RxTLED  QuvB  AOAnrer  Town  Na  tl. 

6-iii.  80-pdr,  Amutrong  gun.     Charge,  10  lb«.     Shot,  81  Ibt  

6-in.  80-pdr.  Armstrong  gun.     Charge,    9  '*       Shell,  77  *'       Burster,  5  Ibe.  8  oc. 
7-m.  Armstrong  howitser.  Charge,    9  *'       Shell,  100  **       Burster,  8    ** 

40-pdr.  Armstrong  gun.  Charge,    5   *'   {  cl^  }  4'  1^*  Burster,  a  **    8  ** 

The  range  was,  in  both  cases,  103a  yards. 


Wltk  8pliericttl  8liot. — ^^^  Expenditure  of  ammunition,  S71 
rounds ;  of  which  took  effect  as  follows.    (Tower  No.  49). 
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Tamm  XXXIX. 


HAtm  4»r  Ors. 

BUadalMlU. 

UT«ah«Ua. 

ToUL 

40 

II 

9 

44 

35 

95 

11  ■■wJiT    ifncoth-Vorr 

!     ^ 

68 

Tottl 

64 

xo 

79 
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**  CorrMponding  generally  to  the  undermentioned  detail  of  Arm- 
Ptning  projectileii  which  took  effect  against  Tower  No.  71 : — 


Table  XU 


9  Avrma  or  Ovw. 

li  mofwKMttf  nfln** 
fva,  filled^..., 
T«cjl 


Holld  tboL      BUb4  •belliL     Urr  abvlU. 


ToUL 


«9 

o 
10 


»9  3» 

4J  «4 


J9 


loi 


«5i 


WHU  tiagth^Borc  Oaat,  '*the  snrface  of  the  tower  was  gen- 
erallr  demolished,  but  unequally.  Tlie  BU]>erfieial  area  of  one  face 
<«r  semicircle  (if  the  tower  ia  about  2<)20  nquare  feet ;  effc'ct  was 
risible  oTer  1072  square  feet  of  tluA  surface;  and  the  dc]>th  of 
masonry  penetrated  having  been  very  ran»fully  measured  over  the 
whole  sariaoe,  by  Lieut-CoL  Lennox,  R.  E.,  the  following  is  the 
retok: 

TaSLI  XU  — tf ASOJTBT   DlVLACKD  TO  A  DlPTH  Of 

Un  t^a  I  <M«  M S40  f^vara  heu 

itf  M»  I  fc«  —4  »  (nt  on 367      **        ** 

Birww  »  ••<  }  fatt  — ftso      *<        ** 

BfTwca  )  «U  4  fctc  «« lit      **        ** 

Birww  4  ••4  5  fatt  — 33      **        ** 

CHw  5  ini  M 56     «       • 

io«S 
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"The  average  depth  of  broken  surface  was  found  to  be  1-91 
feet,  and  the  cubic  quantity  of  masonry  removed,  2168'8  feet.  *  *  » 

"  Taking  no  account,  at  present,  of  the  shells  which  burst  near 
the  muzzle  of  the  gun,  the  above  effect  was  produced  by  the  ex- 
penditure of  9G84  lbs.  of  iron,  in  shot  and  shell,  and  3720  lbs.  of 
gunpowder,  of  which  245  lbs.  in  bursters ;  or,  counting  only  those 
rounds  in  which  the  tower  was  struck,  by  7192  lbs.  of  iron,  and 
2600  lbs.  of  gunpowder,  of  which  134  lbs.  in  bursters." 

974*  urilli  Arastronv  Rifled  Guns  the  expenditure  up  t4» 
the  41st  round,  when  the  entire  side  from  course  60  (answering 
to  54  on  this  [No.  49]  tower)  had  fallen  away,  making  an  open 
breach  of  20  feet  wide,  was  2593  lbs.  of  iron  and  511  lbs.  of  i>ow- 
der.  Before,  however,  a  strict  comparison  can  be  made,  it  is 
necessary  to  take  account  of  the  comparative  breaching  power  of 
the  several  projectiles,  as  measured  by  the  product  of  their  weight 
into  the  square  of  the  velocity  of  the  shot  or  shell  at  the  moment 
of  impact.  This  velocity  may  be  assumed,  for  the  present  pur- 
pose, to  be  the  same  as  the  mean  velocity  of  the  same  projectile 
for  a  range  of  2  x  1032=2064  yards,  because  such  mean  velocity 
represents  very  nearly  the  actual  velocity  of  the  projectile  at  the 
middle  point  of  its  trajectory,  and  will  be  sensibly  the  same  fur 
the  same  projectile  in  striking  any  object  at  that  distance,  although 
in  a  slightly  different  trajectory.  As  the  initial  velocity  of  the 
larger  Armstrong  projectiles  has  not  yet  been  ascertained,  and 
there  are  neither  practical  nor  theoretical  data  for  calculating  the 
remaining  velocity  at  given  ranges,  this  mode  of  proceeding  is  the 
only  one  open. 

In  Table  42  are  data  given  by  observation  of  times  of  flight : 

"  Taking  the  effect  of  the  68-pounder  solid  shot  as  unity,  the 
foregoing  data  give  the  following  as  the  order  and  relative  value 
of  the  several  projectiles  under  oomparison,  which  we  will  call  W : 

"  These  numbers,  multiplied  by  the  number  of  projectiles  of 
each  nature  fired,  will  represent,  approximately,  tlie  work  don< 
upon  each  tower,  and  are  as  follows : 

^^  By  which  it  appears  that,  irrespectively  of  the  superior  con- 
centration of  the  fire  of  the  rifled  guns,  and  its  conaequently  greater 
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Tabu  XLIL 


VATwa  ttr  Ow. 


^■^^•'•Sijr-Li 


9         «>99 


AnMO-.I^H'.. '  .o 

Scnrk«  6t*f4r  fva ■  16 

Scrrkc  6t*f4r.  gma 16 

I 

Scrvkc   ii'fdr.  gam 10 

Scntcc   |a-f4r.  fan to 


»«53 

iioo 
itii 

»oot 

2lt4 

I9ta 


Tablb  XUIL 


EleTmUoa. 

ObMrred 

fldrht 

MMn  Trio 

city  dti«  10 

Ume. 

•       / 

•««. 

ftwL 

7     «» 

7I0 

I07 

5     «7 

7-00 

9*3 

5      5 

9S0 

5     37 

tis 

5     4$ 

»3» 

5     10 

7l4 

6      M 

7I3 

741 

NatQTOud 
welirbt  of 
proJectU*. 


•lioc6t 
thcU  5ti 
•hoc  3s 


^woiwemM. 


^3  fcw»4rt  »uli4  tboc  (elongated) 

I  :ic  y ii4tr  ihcU  icl'mgiced) 

4i>pp»ii<tr  MtiJ  iboC  (ipherkal)^ 

4D-fa«nJrr  it\i4  ihoC  (elongated) 

M-fcmndrr  mvaI  tlkcU  ^iphcrical)..., 


B*Udv«  T»la«.  Bnrttlat  ekargt 
W.  of«b«IL 


1.5* 

t -oo 
0-76 
o.?l 


^%'fmtmitt  tulid  tbot  (iphrricjli ^ 0'43 

|»-fo«nd«T  nival  ibcU  (ipberkah o»%M 


5  Ibt.  I  OS. 
I         o 


effrel,  llu>y  actuaUj  porfi)nno<l  half  a.4  much  work  again  a«  the 
«in<H»th-lMired  gunis  with  the  diininii;he<l  ex|K.>nditure  of  iron  and 
lpin{>owder  noticed  in  a  previous  paniirraph.^ 

-Tlie  Metx  experiment  of  1h:>,4,  pave  for  lc>Oo  metrw  {\W4 
ri^)  a  mean  ]>onetration  of  l*^•2  in.  into  go<Kl  rubble  nioitonry,  to 
be  tncreafed  three-fourths  for  brick-work.  Thi*  would  give  1  ft, 
9-^  in.  for  brirk^work,  with  a  pnywtilc  of  3«»  llx*.,  rharpp,  12  W^ 
Hm  inrreaned  penetration  of  the  rifled  projectiles^  is  in  a  far  higher 
15 
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TowBB  71.-— Abmbtboito  Ouvb. 

TowKB  49.— Smooth-Bob 

Work 
N»W. 

N.tui»  of  ProjecUle.     jToo^^^*** 

Work 
NxW. 

N»tareofProJ«etlltt. 

TookHfcct 
N. 

8o-pdr.  shot 

8o-pdr.   thcU 

'9 
44 
3« 
so 

44 

a8*88 
66-88 
44.0a 
15. 49 
33-44 

68-Ddr.  ihoL^ 

40 
57 
H 
44 

40-00 
44-46 
10.32 
11. ji 

68-pdr.  ihell 

7-in.  howitxer  thell.. 
40-pdr.  thot^ 

ta-ixlr.  tbot«a««a» 

31-pdr.  ihell ^ 

40-pdr.theU 

165 

107-10 

158 

188.51 

Tablk  XLV.— Approxmatb  Tabus  of  thb  Ooitpabatitb  Pbketrations  of  Abm- 

^     STRONO  AND    SpHBRXCAL    PBOJBCTILBB,   BEBPBCnrBLT,   INTO    BBIOK-WORK    OF  TUB 

Bb8T  Quautt,  at  1032  Tabds: 


Abvbtrono. 


Natore  of  Projectile. 


7-iii.  shell 

6-in.  ihot 

6-in.  thell 


Weight 

Charge. 

lb«. 

Iba 

100 

9 

81 

10 

77 

9 

4' 

5 

Peneirm* 
tioD. 


ft.  In. 

3  8 
7  6 

4  3 
4  I 


Smooth-Bobb& 


.Vftiore  of  Projectile. 


I 


WelghL  Charge. 


PpBeln- 


lU.    '  lU.  ft    1ft. 

68-pdr.  ibot 68     j  i6     t     I     8 

68-p<lr.  thell 51     |  16  19 

3»-pdr.  thee 31     {  10 

32-pdr.  ihcll I     »3^  10 


I 


ratio  than  theory  could  assign  to  them.  It  is  plain,  tlierefure,  that 
we  must  look  for  some  other  cause  than  their  superior  ri«  ri  tvi, 
and  this  is  furnished  by  their  rotation  on  their  lunger  axis.  The 
6-in.  projectile  leaves  the  muzzle  of  the  gun  spinning  at  the  rate 
of  about  63  turns  per  se<*ond.  It  is  not  probable  that  this  rate 
diminishes  as  fast  as  the  motion  of  translation.  It  ^nll  be  very 
little  reduced  in  8  or  4  seconds,  or  at  1082  yards,  and  must  mate- 
rially  aid  penetration.'' 
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9TS.   nrtmeMimu  of  Fort  Pnlatkl,  Qeor«la,  April,  IMl. 

Tlu*  following  id  compiled  from  the  official  re}K>rt  of  General 
Gillmore: 

Fort  Pula^ki  is  a  brick  work  of  five  Bide^,  caeemated  on  all 
^idc«;  walln  7}  ft.  thick  and  25  ft.  high,  with  one  tier  of  guns  in 
enihra^nrcs  and  one  tier  m  barhrff^.  At  the  time  of  the  Kioge,  it 
mntaincHl  4<^  griins,  2(»  of  which  bore  on  the  attacking  batteries, 
viz.«  five  10-in.  and  five  8-in.  columbiadd,  and  four  32-pounderB, 
all  fmooth-bore«,  one  24-poander  Blakely  rifle,  and  two  12-in.  and 
three  lo-in.  isea-i*oa.<t  mortars.  The  work  was  breached  in  3  half- 
dav^  and  burrendered  on  the  second  day. 


Taka  XLVX— NcuBBiu  CRAEAcrBR,  A!>n>  Raxok  or  SiiOTB  riRio  nr  tbk 
Bbbachiko  or  Post  Pi*labkl 


%^mm  m9  BATmT. 

tH9- 

IMMV   tn 

Chan*. 

BnrM- 

rbancv. 

1 
3 

S'aortbota. 

Ibc 

Ibc 

1 

a«ncry   Sctntoa^. 

J400 

1 3 -in.  Moftar  ilielU. 

144 

7 

1 

»55 

iMTiry    Graat 

JlOO 

DtRO. 

Mi 

7 

1 

lis 

%airrry    B«rni»4c^ 

irjo 

Ditto. 

IO| 

7 

1 

>55 

Biftrfy    Sbemua.. 

1650 

Ditto. 

10 

7 

»3» 

aattrry   H«llr«k.. 

14>5 

Ditto. 

•• 

t 

»io 

1650 

lo-tn.   Mortar  tliclU. 

♦» 

3 

$«• 

a*trTy    Lvuo 

)IOO 

lo-in.  Columbia^  ibrlb. 

«7 

1 

3>'l  J 

itfttry    Scott 

f40 

f  ID- in.  Columbia^  tbor. 
\    l-in.  Culumbiad  thuc. 

10 

10 

> 

..] 

imwii   LiAcotfi... 
tmtrj  McOclUii 

3'4$ 
1650 

8 -in.  Cotumbiid  •hclU. 

f  tvlb.  Jamrt  iboc  «iU  tbctU. 
'64  ••        do.      do.             do. 

10 

1 
6 

<» 

( 

.,3    J 

Mmtrj   Stfrl  .... 

l^'O 

r  4Ylb.  Jjmct  ihof  and  ihelli. 
i  30  ••    Parrott  di»,           do. 

$ 
3* 

i 

MocJ 

Of  the  breaching  gnns,  the  two  84-)>ounders,  the  two  64-poand- 
en,  and  the  48-poander,  were,  re^poctivelj,  old  mihooped  42,  88, 
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and  24-pounder8,  rifled  with  broad  flat  grooves.     There  were  5 
Parrott  SO-pounders. 


Tabli  XLYIL—PByETRATioNS  IX  Brick-work. 

Kind  op  Orw. 

E*iig«. 

ProJecUl«. 

Elevation. 

Cbartrc. 

rrnecrm- 
tluB. 

yd*. 

lU. 

tn. 

Old  4a-i>dr.  rifled.. 

1650 

Jamei  84-lb.  thoC. 

4r 

8 

26 

Old   32-pdr.  rifled.. 

1650 

James  64-!b.  tbot. 

4^ 

6 

20 

Old  24-pdr.  rifled.. 

1670 

Jamet  48-!b.  shot. 

4r   ; 

5 

•9 

Parrott   30-pdr 

1670 

Parrott  30-lb.  shot. 

^'  1 

3i 

18 

lo-in.  smooth-bore 

1740 

128 -lb.  solid  ihot. 

5'       ! 

20 

M 

8 -in.  imooth-bore 

1740 

68.1b.  loUd  shot. 

5-        ' 

10 

II 

The  following  deductions  must  be  made,  to  estimate  the  amoant 
of  metal  expended,  viz. : 

"  First,  For  the  shots  expended  upon  the  barl)ette  guns  of  the 
fort  in  silencing  their  fire. 

^^  Second,  For  10  per  cent,  of  Parrott's  projectiles  wliich  upset, 
from  some  defect  which,  I  know  from  personal  observation,  has 
been  entirely  removed  by  the  recent  improvements  of  the  manu- 
facturer. 

"  Third.  For  nearly  50  per  cent,  of  the  64-lb.  James  shot, due  to 
the  fact  that  one  of  the  two  pieces  from  which  they  were  thrown 
had,  by  some  unaccountable  oversight,  been  bored  nearly  J  in.  too 
large  in  diameter,  and  gave  no  good  firing  whatever. 

^^  Making  these  deductions,  it  results  that  110643  lbs.  of  metal 
were  fired  at  the  breach.*' 

Fifty-eight  per  cent,  of  the  metal  was  fired  from  rifled  guns. 

The  weight  of  metal  thrown  per  lineal  foot  of  breach  was 
2458  lbs. 

Two  casemates  were  folly  opened,  say  30  feet  in  aggregate 
width,  the  scarp  wall  was  battered  down  in  fnmt  of  3  c^isemate 
piers,  and  the  wall  of  the  fort  was  badly  shattered  for  25  or  30 
feet  on  each  side  of  the  breach. 
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breadth  of  Morris  Island,  and  mostly  constructed  of  sand,  was,  with 
great  difficulty,  breached  by  similar  rifled  projectiles.  The  four 
breaching  batteries  were  located  at  1330,  1460,  1830,  and  1920 
yards  range  respectively.  Upon  the  capture  of  this  work,  it  was 
ascertained  by  careful  measurement  that  165  cubic  yards  of  sand 
had  been  removed  by  54^  tons  of  projectiles,  which  is  equal  to 
1  lb.  of  metal  for  the  removal  of  every  8.27  lbs.  of  sand.  The 
slope  was  quite  flat,  and  the  greater  part  of  tlie  sand  knocked 
away  fell  back  in  place  again. 


222  Ordnance. 

most  promptly  and  effectually  smash  in  a  ship's  side,  throw  off 
her  armor,  and  impair  her  sea-going  as  well  as  her  detensivc  quali- 
ties, e8i)ecially  when  her  armor  was  riddled,  or  shattered  and 
weakened  at  different  points,  by  smaller  and  swifter  projectiles. 


Sbction  Y.    Bbeachino  Masonbt. 

SI79.  In  addition  to  destroying  iron-clads,  modem  cannon  will 
be  expected  to  destroy  masonry.  The  relative  merits  of  rifles  and 
smooth-bores,  for  this  purpose,  have  been  well  settled  by  careful 
experiments  in  England,  as  well  as  by  actual  warfare  in  America. 
The  following  facts  render  an  extended  discussion  of  the  subject 
quite  unnecessary : 

973.  Abstract  off  tlie  Report  off  tlie  Ordnance  Select  Cons- 
mlttee,  January  M,  1961,  on  Breacliinf  Experlnients  against 
Rlartello  Towers. — The  towers  were  of  brick,  40  ft.  diameter  at 
the  top,  40  ft.  at  the  bottom,  and  32  ft.  high.  Least  thickness  at 
the  foot,  7  ft.  3  in. ;  at  the  springing  on  the  vault,  5  ft.  6  in. 

The  object  of  the  experiments  was  to  compare  the  effect  of 
spherical  with  that  of  rifled  projectiles. 


Tablb  XXXVIII. — Grvs  and  Chabohi  used  ik  BBK^nmeo  Mastillo  Towsn 
8M00TB-B0BK8  AOAmr  TowxB  No.  40. 

68-poDndeny  of  95  cwt.       Charge,  16  Ibt.       Shell,  49^  Ibt.       Bwnttr,  s|  Iht. 
1%-^ounden^  of  5^  cwt.       Charge,  10   **        Shell,  22^   **        Bvrtccr,  i  Ih. 

RiruED  GuKS  AOAnsT  TowxR  Na  71. 

6-io.  lo-pdr.  Annitrong  gun.     Charge^  lo  Ibt.     Shot,  81  Iba 

6-in.  80-pdr.  Armftrong  gun.     Charge,    9  '*       Shell,  77  *'       Banter,  $  Iba.  8  oc 
7-in.  Armttrong  howitscr.  Charge,    9  **       Shell,  100*'       Btinter,  8   ** 

40-pdr.  Armttrong  gun.  Charge,    $  "   { shdf  |  ♦'  *^*  Burtter.  »  ••   8  •• 

The  range  wat,  in  both  caact,  1031  jrardt. 


With  Spherical  Shot. — ^^^  Expenditure  of  ammunition,  971 
rounds ;  of  which  took  effect  as  follows.    (Tower  No.  49). 
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Tablb  XXXIX. 
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**  Corresponding  generally  to  the  undermentioned  detail  of  Arm- 
«tn>ng  projectiles  which  took  effecrt  against  Tower  No.  71 : — 
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WMi  l«««tli*B#re  Clans,  ^'the  surface  of  the  tower  wa8  gen* 
crallj  demolished*  but  unequally.  The  su|)erfieial  area  of  one  face 
ii€  semicircle  of  the  tower  ia  alwut  2020  square  feet ;  efftH!t  was 
rifihle  over  lOTd  nquare  feet  of  this  surface ;  and  the  depth  of 
mMunrr  penetrated  having  been  very  carefully  meai^ured  over  the 
whole  sarfaoe,  by  Lieut.-CoL  Lennox,  IL  E.,  the  foUowing  is  the 
ramlt: 

Tablb  XU  —UjLmnnr  Dijiplackd  to  a  Dom  or 

Vam  clua  i  foot  cm S40  t^vara  fccc 

BcrvfM  I  feoc  aiii  s  Ivct  oa  367      **        ** 

Btcvf««  ft  aiii  )  SKt  00 %^o      **        ^ 

BumwiM  I  ami  4  hm  cm tis     **       <• 

!■<■*»•  4  ami  I  fctt  o<i 33      **        ** 

Optr  5  tec  M 56     ••       « 
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rear  was  too  small  to  hold  an  adequate  bursting  chai^.  2.  The 
cavity  was  large  enough  to  weaken  the  walls  of  the  shell,  so  that 
the  bursting  charge  was  fired  as  much  backward  as  forward  into 
the  ship.  But  the  Armstrong  lOJ-in.  shell,  with  a  111b.  bursting 
charge,  remedied  the  defect  in  a  great  degree,  and  showed  what 
might  be  expected  from  higher  velocities.  (See  Gun  Cotton — 
Appendix. 

Section  IY.    The  Two  Ststems  CSoicbined. 

967.  The  maximum  utilization  of  power  and  time,  and  the 
consequent  infliction  of  the  maximum  damage  upon  an  enemy^s 
iron-dad  fleet,  appear  to  demand  projectiles  of  moderate  weight, 
so  that  they  may  have  high  velocity  with  a  given  strength  of  gun. 
At  the  same  time,  there  may  be  circumstances  under  which  the 
heavy  shot,  at  a  low  velocity,  will  be  the  more  formidable  missile. 

What  has  been  said  in  the  preceding  pages  refers  to  the  exclu- 
sive use  of  one  system  or  the  other.  But  it  will  appear  that  two 
forces  may  prepare  the  way  for  each  other,  so  as  to  produce  a 
more  formidable  result  than  when  they  are  independently  exercised. 
The  defect  of  the  light-shot  system,  when  the  range  is  very  long 
or  the  armor  very  thick,  and  of  the  heavy-shot  system  when  the 
range  is  even  very  short,  and  the  armor  is  laminated  or  S4)  con- 
structed  as  to  suffer  little  from  racking  and  shaking,  is  the  waste 
of  power  in  producing  local  effect  that  is  fruitless,  because  it  is 
incomplete.  Another  defect  of  the  heavy-shot  system  is  its  waste 
of  power  in  overcoming  only  the  elasticity  and  ductility  of  ma- 
terials, without  straining  it  to  the  point  of  rupture.  Nor  is  the 
punching  system  all  that  could  be  desired  in  its  destructivenees 
of  the  fighting  and  manceuvring  powers  of  an  enemy's  slup. 
Wearing  out  the  resistance  of  a  ship's  armor,  or  the  seawortliincss 
of  her  frame,  and  projecting  small  colunms  of  splinters  into  her 
vitals  by  means  of  small  shot  and  weak  shells,  take  too  much 
time  and  involve  too  much  risk. 

968.  Light,  fast  shot  may  riddle  armor  without  dislocating 
it  as  a  whole;  but  if  it  is  not  previously  weakened,  heavy  sliot 
cannot  smash  it  in.     What  is  more  obvious  than  the  combine- 
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Tabu  XLIL 
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eflff*et,  tli<>v  artuallv  performe<l  half  9la  mu<*h  work  again  a«  the 
4ni«M»th-lMire(l  gunn,  with  the  diiiiini>he<l  ex|K.*nditure  uf  iron  and 
inin|M>wder  noticed  in  a  previous^  paragraph." 

**Tlie  Mftx  experimenU  of  IvU,  pave  for  1CHX>  metres  (lom 
vanlski  a  moan  |>enetratifm  of  l'^*^  in.  into  giMMl  nihble  niuAonry,  to 
be  incrcaMfl  threefourtha  for  brick-work.  Thin  woald  give  1  ft, 
9i  in.  for  brirk-work,  with  a  pn>je<*tilc  of  30  lU.,  charpn,  12  11*. 
The  incraned  penetration  of  the  rifled  projectiles  is  in  a  far  higher 
15 
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After  a  time,  the  remaining  continuity  of  strength  is  insufficient 
to  resist  the  smashing  blow,  and  a  section  of  the  iron  wall  is 
driven  in,  crushing  men  and  machinery,  and  opening  the  enemy's 
side  to  the  sea  and  to  every  projectile  which  can  be  thrown  Mrith 
tolerable  accuracy — ^buUets,  grape,  and  the  enormous  shells  of 
these  very  battering  guns. 

969.  It  will  be  objected  that  this  process  is  wasteful  of  time, 
and  that  each  great  gun  occupies  the  room  and  buoyancy  of  two 
lighter  or  punching  guns.  This  objection  would  not  be  weD 
founded.  The  present  improvements  in  armor,  and  the  obvious 
means  of  increasing  its  resistance  to  all  kinds  of  strains,  may  yet 
place  artillerists  in  the  following  position :  a  fight  must  indeed  be 
brief,  or  the  enemy  will  manoeuvre  himself  into  shelling  range  of  a 
city  or  navy  yard.  During  a  brief  action  they  cannot  batter  and 
shake  down  his  side  with  heavy  shot,  and  they  cannot  punch  it 
with  light  shot.  The  only  thing  that  they  can  do  is  to  weaken 
his  armor  so  much  in  detail  that  they  can  at  last  smash  it  in. 
Xo  one  class  of  projectiles  can  do  this.  There  must  be  two 
classes.  Besides,  if  guns  are  all  of  small  calibre,  no  matter  how 
much  i)ow(l6r  they  will  stand,  they  cannot  throw  the  most  formi- 
dable shells  at  vessels  without  armor,  or  at  fortifications,  and 
troops,  and  buildings,  on  shore.  The  usefulness  of  some  heavy 
guns  in  fighting  the  present  class  of  European  iron-clads — |>eeling 
them — is  obvious  from  the  experiments  already  detailed. 

970,  General  Conrlnsions. — The  work  demanded  of  guns 
for  iron-<?lad  warfare,  is  not  the  mutilation  of  annor,  but  the  disa- 
bling of  the  active  enemy — men,  guns,  and  machinery — wiUun  it. 

With  a  given  strength  of  gun-metal,  ^r«^,  attempting  by  means 
of  very  heavy  shot,  at  velocities  necessarily  very  low,  to  shake  off 
the  enemy's  armor,  for  the  purpose  of  slielling  liim  afterwards, 
gives  the  elasticity  and  ductility  of  the  material  time  to  absorb 
much  of  the  power  of  the  shot. 

S(*amd.  Attempting  to  render  an  enemyV  vessel  untenable  and 
unseaworthy  by  smashing  his  sides  with  shot  too  heavy  and  too 
slow  to  actually  punch  them,  wasti*s  the  greater  part  of  the  iH>wer 
in  local  effect  that  is  fruitless,  because  it  is  incomplete  (207). 
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der  10  inches  in  internal  diameter  and  10  inches  thick,  therefore 

30  inches  in  external  diameter.     Such  a  cylin- 

r     .  Fio.  129. 

der  might  be  strained  by  pressure  firom  within  ^ 

till  the  inside  stretched  to  double  its  original 

circumference.   The  diameter  would,  of  course,       , 

also  be  doubled,  and  would  be  20  inches  in-      r  ' 

Btead  of  10.  'y 

"Now  it  is  evident  that  the  outside  circum- 
ference and  diameter  cannot  be  doubled  at  the 
same  time,  or  else  the  latter  must  become  twice  30  or  60  inches, 
which  would  give  a  thickness  of  20  inches,  quadrupling  the  mass 
of  material,  which  is  impossible.  A  moment's  reflection  shows 
that  the  thickness  must  diminish  as  the  circumference  is  increased 
by  pressure  from  within;  for,  if  the  thickness  remain  10  inches 
when  the  internal  diameter  has  become  20,  the  external  diameter 
must  be  20  plus  twice  10,  or  40  inches.  This  could  not  be, 
unless  we  imagine  what  seems  impossible,  p^^,   ^^^ 

viz.,  that  the  bulk  of  the  material  is  con- 
siderably enlarged,  as  each  inch  in  length 
of  the  cylinder  would  now  contain  1200 
cylindrical  inches  (the  difference  between 
the  squares  of  40  and  20,  the  external  and 
internal  diameters),  whereas  originally  it 
only  contained  800  inches,  the  difference 
between  the  squares  of  30  and  10. 

"Yet,  even  if  the  thickness  could  remain  the  same,  notwith- 
standing the  increase  of  circumference,  the  outside  layer  could 
only  be  strained  one-third  as  much  as  the  inside  one,  because 
three  times  as  long.  The  same  elongation,  which  would  cause  a 
strain  of  one  ounce  or  one  pound  in  the  longer  circumference, 
would  cause  a  strain  of  three  ounces  or  three  pounds  in  the 
shorter  one,  and  the  elongation  which  would  but  moderately 
strain  the  one  would  break  the  other. 

"  ThiB  re^oning  is  equally  applicable  to  the  minute  extension 
of  iron ;  the  increase  of  j\  of  an  inch  in  the  outer  circumference 
of  a  10-inch  gun  being  possible  without   fracturing  that  part. 
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most  promptly  and  effectaally  smash  in  a  ship's  side,  throw  off 
her  armor,  and  impair  her  sea-going  as  well  as  her  defensive  qtuili* 
ties,  especially  when  her  armor  was  riddled,  or  shattered  and 
weakened  at  different  points,  by  smaller  and  swifter  projectiles. 


Sbction  Y.    Breachino  Masonbt. 

SI79,  In  addition  to  destroying  iron-clads,  modem  cannon  will 
be  expected  to  destroy  masonry.  The  relative  merits  of  rifles  and 
smooth-bores,  for  this  purpose,  have  been  well  settled  by  careful 
experiments  in  England,  as  well  as  by  actual  warfare  in  America. 
The  following  facts  render  an  extended  discussion  of  the  subject 
quite  unnecessary : 

973.  Abstract  off  the  Report  off  the  Ordnance  §elect  Cons- 
mlttee,  January  M,  1961,  on  Breacbinf  Experlnients  acalnct 
Rlartello  Towers. — The  towers  were  of  brick,  40  ft.  diameter  at 
the  top,  40  ft.  at  the  bottom,  and  32  ft.  high.  Least  thickness  at 
the  foot,  7  ft.  3  in. ;  at  the  springing  on  the  vault,  5  ft.  6  in. 

The  object  of  the  experiments  was  to  compare  the  eflTect  of 
spherical  with  that  of  rifled  projectiles. 


Table  XXXVIII. — Guns  and  Charqbs  usbd  in*  Brk^chixo  Mabtsllo  Town 
Smootb-Borss  AOADrer  Towm  No.  49. 

61-potinaefi,  of  95  cwt.       Charge,  i6  Ibt.       Shell,  49)  Ibt.       Bttrner,  %l  lb*. 
31-pounderi,  of  58  cwt.       Charge,  lo   «*         Shell,  %2^   **         Bttrttcr,  i  lb. 

RiruED  OuKS  AOADrer  Towbr  Na  71. 

6-ta.  80-pdr.  Armttrong  g«n.     Charge,  10  Ibt.     Shot,  8a  Iba  

6-in.  80-pdr.  Armttrong  gun.     Charge,    9  **       Shell,  77  *'       Bontcr,  5  Ibt.  8  oc. 
7-in.  Armttrong  howitxer.  Charge,    9  **       Shell,  100**       Bartter,  8   ** 

40-pdr.  Armttrong  gun.  Charge,    5  "   { ^^  }  4«  1**.  Burtter.  »  ••   8  •• 

The  range  waa,  in  both  caact,  103%  yards. 


With  Bpherlcai  Shot. — ^^Expenditure  of  ammunition,  271 
rounds ;  of  which  took  effect  as  follows.    (Tower  No.  49). 


Requirements  of  Ouns — Armor.  223 

Table  XXXIX. 


HAvm  or  Ora. 

BiUd«b«lU. 

Ur9  ■helU. 

TotoL 

il-yo»«lfT,  Mioffth-bfirr    ,     .    . 

40 

1 
9 

44 
35 

95 
68 

1%  f  ifitr,  MBoMb-korTi 

1 
...»  .          %^ 

TottI 

44 

%o 

79 

163 

••  Corresponding  generally  to  the  undermentioned  detail  of  Arm- 
«tn>ng  projectiles  which  took  effect  against  Tower  No.  71 : — 
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WNH  taMMlB«B«re  Cl«a»,  "the  Bnrfaf*e  of  the  tower  waA  gen- 
ctbIIt  demolished,  but  unequally.  The  fiu|H*rficial  area  of  one  face 
ti€  ^emidrde  of  the  tower  1.4  about  2020  square  feet ;  eifcHTt  was 
rmble  over  1072  nquare  feet  of  this  surface;  and  the  depth  of 
maaonrj  petif^ratc-d  having  In^en  very  can»fully  niea8ure<l  over  the 
whole  forfacef  by  Lieut-CoL  Lennox,  R.  E.,  the  fiillowing  is  the 
resak: 

Tabui  XU  — MAaosrar  I>uiPLAra>  to  a  Dom  or 

Um  clua  I  foot  Ml S40  t^vara  fccc 
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^^  The  average  depth  of  broken  Bnrface  was  found  to  be  1*91 
feet,  and  the  cubic  quantity  of  masonry  removed,  2168*8  feet.  *  ♦  • 

^'  Taking  no  account,  at  present,  of  the  shells  which  burst  near 
the  muzzle  of  the  gun,  the  above  effect  was  produced  by  the  ex- 
penditure of  9684  lbs.  of  iron,  in  shot  and  shell,  and  3720  lbs.  of 
gunpowder,  of  which  245  lbs.  in  bursters ;  or,  counting  only  those 
rounds  in  which  the  tower  was  struck,  by  7192  lbs.  of  iron,  and 
2600  lbs.  of  gunpowder,  of  which  134  lbs,  in  bursters." 

974*  UTilta  Arnstronf  Rifled  Guns  the  expenditure  up  t(» 
the  41st  round,  when  the  entire  side  from  course  60  (answering 
to  64  on  this  [No.  49]  tower)  had  fallen  away,  making  an  open 
breach  of  20  feet  wide,  was  2593  lbs.  of  iron  and  511  lbs.  of  jjow- 
der.  Before,  however,  a  strict  comparison  can  be  made,  it  is 
necessary  to  take  account  of  the  comparative  breaching  power  of 
the  several  projectiles,  as  measured  by  tlie  product  of  their  weight 
into  the  square  of  the  velocity  of  the  shot  or  shell  at  the  moment 
of  impact.  This  velocity  may  be  assumed,  for  the  present  pur- 
pose, to  be  the  same  as  the  mean  velocity  of  the  same  projectile 
for  a  range  of  2  x  1032=2064  yards,  because  such  mean  velocity 
represents  very  nearly  the  actual  velocity  of  the  projectile  at  the 
middle  point  of  its  trajectory,  and  will  be  sensibly  the  same  fur 
the  same  projectile  in  striking  any  object  at  that  distance,  although 
in  a  slightly  different  trajectory.  As  the  initial  velocity  of  the 
larger  Armstrong  projectiles  has  not  yet  been  ascertained,  and 
there  are  neither  practical  nor  theoretical  data  for  calculating  the 
remaining  velocity  at  given  ranges,  this  mode  of  proceeding  is  tho 
only  one  open. 

In  Table  42  are  data  given  by  observation  of  times  of  flight : 

"  Taking  the  effect  of  the  68-pounder  solid  shot  as  unity,  the 
foregoing  data  give  the  following  as  the  order  and  relative  value 
of  the  several  projecrtiles  under  comparison,  which  we  will  call  W : 

**  These  numbers,  multiplied  by  the  number  of  projectiles  of 
each  nature  fired,  will  represent,  approximately,  tlie  work  d<m^ 
upon  each  tower,  and  are  as  follows : 

"  By  which  it  appears  tliat,  irrespectively  of  the  superior  con- 
centration of  the  fire  of  the  rifled  guns,  and  its  consequently  greater 
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eflrd,  th<*v  ftctually  perfonno<l  half  aa  much  work  again  as  the 
•nKHfth-lMirad  pxn^^  with  the  diininL^hed  ex]>enditare  of  iron  and 
CQn|)owder  noticed  in  a  previoim  parofn^ph/* 

-Tlie  UvU  experimenU  of  Is.'U,  p*ve  for  1(>0<>  metres  (H>m 
jard»;  a  moan  iKrnctration  of  lS'2  in.  into  pnnl  rubhle  niuM>nrj,  to 
be  tncreaiieil  three- fourths  for  brick-work.  This  wouhl  give  1  ft. 
9^  in.  for  brick-work,  with  a  pn)je<-tile  of  30  lln».,  charpo,  12  llm. 
Tlie  increaned  penetration  of  the  rifled  projectiles  is  in  a  far  higher 
16 
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iron,  the  state  of  tension  at  the  time  of  explosion,  and  when  the 
gun  is  about  to  burst,  will  be  denoted  by  a  curve  II  I,  or  H  t, 
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niii0tr»tion  of  strain  on  a  homogeneous  giin. 

the  former  calculated  according  to  Professor  Hart,  and  the  latter 
according  to  Professor  Barlow's  formula.  Then,  supposing  the 
tensile  force  of  the  material  to  be  12  tons  per  square  inch,  and 
the  thickness  of  the  gun  6^  inches,  when  the  strain  at  G  is  O  H, 
or  12  tons,  at  F  it  is  F  I  =  3  tons,  or  F  i  =  1}  tons,  according  as 
the  one  or  other  formula  is  adopted.  The  areas  of  these  curves 
give  the  total  strengths  of  the  gun  at  the  bursting  point,  and  are 
found  to  be  36*72  tons  and  80'871  tons  respectively,  instead  of 
78  tons,  which  it  would  have  been  if  uniformly  strained  at  12 
tons  per  square  inch." 

987.  II.  Hoops  witli  ImlCial  tenslom  to  retM  elasUc  pre*- 
tare* — This  system  consists  in  making  a  gun  of  concentric  tubes, 
by  putting  on  each  successive  layer,  proceeding  outward  from  the 
centre,  with  an  initial  tension  exceeding  that  of  tho^e  below  it,  or 
so  that  each  hoop  or  tube  shall  compress  what  is  within  it    The 
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inner  Isrer  m  thun,  in  iu  normal  state,  in  compremion,  while  the 
ooter  laver  U  in  the  highest  tension.  Tlien,  by  the  law  illustrated 
in  the  foregtiing  paragraph,  the  inner  layer,  being  in  compref^ion, 
u  able  to  soKtain  tlie  iirnt  and  gp'eatest  stretch,  and  the  outer  lay^er, 
although  stretched  less  by  the  explosion  of  the  {>owder,  has  already 
been  i»tret<*hed  into  high  tension,  and  thus  has  to  do  an  equal 
amoont  of  work.  The  intermediate  layers  bear  the  same  relations 
to  the  initial  strain  and  the  strain  of  the  powder,  so  that,  in  short, 
all  the  layers  contribute  equally  of  their  tensile  strength  to  resist 
the  strain  of  the  explosion. 

9HH.  Profxssob  Tbeadwell's  Plan.  Professor  Treadwell, 
who  was  one  of  the  firht  to  pro]K)se  this  method  of  constructing 
eannon,*  thus  specifies  his  proposed  gun  and  its  strength.! 

^  I  pnipote  to  form  a  body  for  the  gun,  containing  the  calibre 
and  breech  as  now  formed  of  cast  iron,  but  with  walls  of  only 
abiNit  half  the  thickncHs  of  the  diameter  of  the  bore.  Upon  this 
bfidy  I  place  rings  or  h<¥>ps  of  wrought  iron,  in  one.  two,  or  more 
layerv.  Every  ho<ip  is  formed  with  a  screw  or  thread  u))on  its 
inside,  to  fit  to  a  corresponding  screw  or  thread  fi>rmed  upon  the 
body  of  the  gun  first,  and  afterwards  u]K)n  each  layer  that  is 
embraced  by  another  layer.  These  h<N>])s  are  made  a  little,  say 
rAfth  |iart  of  their  diameters,  less  u})on  their  insides«  than  the 
parta  that  they  enclose.  They  are  then  expanded  by  heat,  and 
being  turned  on  to  their  places,  sufiTerefl  to  cool,  when  they  shrink 
and  cfimprpss,  firrt,  the  body  of  the  gun,  and,  afterwanls,  each 
sire  layer  all  that  it  encloses.  This  compression  must  be 
such,  that,  when  the  gun  is  subjected  to  the  greatest  force, 
the  b«idy  of  the  gun  and  the  s<'veral  layers  of  rings  will  be  dis- 
tended to  the  fracturing  point  at  the  same  time,  and  thus  all  take 
a  porticm  of  the  strain  up  to  its  bearing  capac*ity. 

*^ There  may,  at  the  first  view,  seem  to  l>e  a  great  practical 
diffinalty  in  making  the  hoops  of  the  exact  mzc  re<{uired  t4» 
prodnoe  the  neoesiafy  compression.     This  would  be  true  if  the 


•  TW  dMM  of  ProfMMor  Trrsdwvll,  r«pt  BUkHjr,  Mr.  Loognf>g«.  awi  oUmt^  m 
t  **  (J«  Um  PiMlioalMlity  of  CoaMractiDf  Cuaon  of  < tmt  r«1ibr«/'  Dm.,  1 S6C 
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CHAPTER   ITT. 

THE  STRAINS  AND  STRUCTURE  OP  UUNa 


SiCTTON  T.    Resistance  to  Elabtto  Peessuek, 

377,  The  Btrains  to  whicli  cannoti  are  subjected  by  the 
pressure  of  tlie  jKJwder  are  thus  stated  hy  Captain  B€?iiton:* 

*'l*  The  tangential  strain,  which  acts  to  fiplit  the  ineiie  open 
longitudiiiallj.  *  *  *  2,  The  lomjUudmid  strain,  wliich  acta 
to  pull  the  piece  apart  in  the  direction  of  it^  length.  *  *  ♦ 
5,  A  gtrain  of  emnprrsition^  whieh  acts  from  the  axii*  uutwardj  to 
cmsh  the  tnmcated  wedges  of  which  a  unit  of  length  of  tlie  piece 
may  be  supposed  to  consist.  *  *  *  4.  A  iranmerse  strain^ 
which  acta  to  break  tranflveriiely,  by  lH.mdjng  outward  the  staves 
of  which  the  piece  may  be  supposed  to  coneibt,     *     *     * 

"If  /?  be  the  pressure  on  a  unit  of  surface  of  the  bore,  and  s  the 
tensile  strength  of  tlie  metal,  it  can  be  shown  by  analysis  that  the 
tendency  to  rupture,  or  the  presii^ure  on  a  unit  nf  length  of  bore, 
divided  by  the  resistance  whieh  the  sides  are  capable  of  offering 
to  raptnre,  for  a  piece  of  one  calibre  thickness  of  metal,  will  he  as 
JbHowfi: 

Tangential,  J^j 

ofT,  rnptnre  wUl  take  place  when  three  times  the  pressure  is 
greater  than  twice  the  tensile  strength. 

Longitudinal,  ^^i 

or,  mptiire  will  take  place  in  the  direction  of  the  lengthy  when 
the  preeaure  is  greater  than  twice  the  tensile  strength. 

Transverse,  ^^; 

•  **OTdn&iice  nud  Gunnery/*  1863, 
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or,  rupture  will  take  place  when  twice  the  pressure  is  greater 
than  three  times  the  tensile  strength. 

"From  the  above  it  appears  that  the  tendency  to  rupture  is 
greater  from  the  action  of  the  tangei^tial  force  than  from  any  other; 
and  for  lengths  above  two,  or  perhaps  three  calibres,  the  tangen- 
tial resistance  may  be  said  to  act  alone,  as  the  aid  derived  from 
the  transverse  resistance  will  be  but  trifling  for  greater  lengths  of 
bore  or  stave." 

978.  L  Increaslnir  the  tliickDeM  of  the  walls. — ^The  most 
obvious  means  of  enabling  any  vessel  to  sustain  a  greater  elastic 
pressure,  such  as  the  gas  of  exploded  gunpowder,  is  to  simply 
thicken  its  sides,  thus  increasing  the  area  of  substance  to  be 
torn  asunder.  This  rule  is  founded  upon  the  practical  facts  of 
every-day  engineering,  which  usually  deal  with  comparatively 
low  pressures  and  thin  walls.  Even  in  case  of  guns  of  small 
calibre,  it  has  proved  tolerably  safe.  But  when  these  conditions 
are  greatly  changed — ^when  the  problem  is,  for  instance,  to  throw 
projectiles  of  13  to  15  inches'  diameter  at  the  rate  of  1500  to  1800 
feet  per  second,  and  the  gun  is  proportionally  thickened  to  stand 
the  excessive  strain  due  to  both  the  increased  pressure  per  square 
indi  and  the  increased  number  of  square  inches  pressed  upon, 
another  law,  unobserved  in  ordinary  practice,  assumes  a  very 
serious  importance.  This  law  is  thus  clearly  explaiined  by  Cap- 
tain Blakely:* 

979.  ^'To  obtain  much  greater  strength  by  casting  guns 
heavier  is  impossible,  because  in  cast  guns  (whether  of  iron,  brasB, 
or  other  metal)  the  outside  helps  but  very  little  in  restraining  the 
explosive  force  of  the  powder  tending  to  burst  the  gun,  the  strain 
not  being  communicated  to  it  by  the  intervening  metaL  The 
consequence  is,  that,  in  large  guns,  the  itmde  is  sjjlit^  while  the 
a^Uside  is  Si\in>lt/  atmined.  This  split  rapidly  increases,  and  the 
gun  ultimately  bursts. 

*^  Tills  will  be  more  easily  understood  by  considering  the  case 
of  a  much  more  elastic  tube;  for  instance,  an  India-rubber  cylin- 

•  ''A  CbML^  ud  Simple  lleUiod  of  Mnii&etiiripg  Gumon,**  185S. 
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der  10  inches  in  internal  diameter  and  10  inches  thick,  therefore 
30  inches  in  external  diameter.  Such  a  cylin- 
der might  be  strained  by  pressure  from  within 
till  the  inside  stretched  to  double  its  original 
circumference.  The  diameter  would,  of  course, 
also  be  doubled,  and  would  be  20  inches  in- 
stead of  10. 

"Now  it  is  evident  that  the  outside  circum- 
ference and  diameter  cannot  be  doubled  at  the 
same  time,  or  else  the  latter  must  become  twice  30  or  60  inches, 
which  would  give  a  thickness  of  20  inches,  quadrupling  the  mass 
of  material,  which  is  impossible.  A  moment's  reflection  shows 
that  the  thickness  must  diminish  as  the  circumference  is  increased 
by  pre^ure  from  within ;  for,  if  the  thickness  remain  10  inches 
when  the  internal  diameter  has  become  20,  the  external  diameter 
must  be  20  plus  twice  10,  or  40  inches.  This  could  not  be, 
unless  we  imagine  what  seems  impossible,  p^^,   ^.^^ 

viz.,  that  the  bulk  of  the  material  is  con- 
siderably enlarged,  as  each  inch  in  length 
of  the  cylinder  would  now  contain  1200 
cylindrical  inches  (the  difference  between 

the  squares  of  40  and  20,  the  external  and      I        \  j 

internal  diameters),  whereas  originally  it  ^__-    "^        / 

only  contained  800  inches,  the  difference  "X.  j/ 

between  the  squares  of  30  and  10. 

"Yet,  even  if  the  thickness  could  remain  the  same,  notwith- 
standing the  increase  of  circumference,  the  outside  layer  could 
only  be  strained  one-third  as  much  as  the  inside  one,  because 
three  times  as  long.  The  same  elongation,  which  would  cause  a 
strain  of  one  ounce  or  one  pound  in  the  longer  circumference, 
would  cause  a  strain  of  three  ounces  or  three  pounds  in  the 
shorter  one,  and  the  elongation  which  would  but  moderately 
strain  the  one  would  break  the  other. 

"  This  reasoning  is  equally  applicable  to  the  minute  extension 
of  iron ;  the  increase  of  yV  of  an  inch  in  the  outer  circumference 
of  a  10-inch  gun  being  possible  without   fracturing  that  part. 
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by  the  explosion,  and  taking  the  total  thickness  of  the  gun,  it 
amounts  to  10*1  tons  per  inch  of  thickness;  whereas,  had  the  con- 


Fio.  142. 


stmction  been  of  very  thin  rings,  or  of  small  wire,  it  would  have 
been  represented  by  the  area  between  the  dotted  line  L  N  M  O  H 
(Fig.  138),  and  would  have  been  =  12  tons  per  inch  of  tliickne^ 
showing  a  superiority  of  about  20  per  cent,  in  favor  of  the  wire  over 
the  hoops.  This  is  upon  the  supposition  that  the  workmanship  of 
the  hoops  is  perfect,  which  in  practice  cannot  be  attained.'^ 

The  objection,  which  amounts  to  this — that  when  tlie  number 
of  hoops  is  small  enough  to  make  a  cheap  gun,  an  extra  weight  of 
material  is  required  to  secure  the  requisite  strength — can  hardly 
be  considered  a  serious  defect  in  the  armament  of  f(»rts  and  inm- 
dad  vessels.     The  subject  of  weight  will  l>e  further  referred  to. 

99S.  Thboretical  Accuracy  of  Tknsion.  Mr.  Longridge 
then  discusses  the  practicability  of  constructing  hooped  piim  with 
the  accuracy  necessary  to  impart  proper  strength.  *'T<>  afford 
some  idea  of  the  accuracy  required,  the  radii  of  the  several  rings, 
shown  in  the  above  diagram,  are  given  in  Table  XLYIII. 
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Take  the  Btrength  of  wrought  iron  at  60000  pounds  to  the  inch, 
and  we  have  60000  x  8=48000  pounds  to  the  inch.  The  thick- 
ness of  both  sides  is  7  inches,  and  48000  x  7  ~  336000  pounds. 
The  outside  ring  must  be  reduced  in  strength  by  the  same  rule, 
for  its  mean,  from  1  to  '832,  which  gives  it  49920  pounds  per 
inch,  and  for  the  7  inches  349440  pounds.  We  have  then,  for  each 
inch  in  length, 

Caft-iron  body  of  the  gun iioooo  poundi. 

Inner  wrought-iron  hoop.. 336000       ** 

Outer  wrougbt-iroa  hoop , 34944°       ^ 

895440       «« 

"  The  diameter  of  the  bore  being  14  inches,  we  have  -^M}^^  = 
63960  pounds,  as  the  resistance  to  oppoto  to  each  square  inch  of 
the  fluid  from  the  powder.  The  gun  will  bear,  then,  a  pressure 
of  4264  atmospheres. 

^^The  resistance  to  cross  fracture  at  the  part  nearest  to  the 
breech  will  be,  from  the  cast  iron,  28'— 14*=784  — 196  circular 
inches,  equal  to  460  square  inches.  Cohesive  force,  unreduced, 
30000  pounds,  and  80000x460=13800000  pounds,  the  whole 
strength.  The  bore  contains  153  square  inches,  and  ^^''■ff^^zz: 
90196  pounds  to  resist  each  square  inch  more  than  is  provided  to 
resist  longitudinal  fracture;  and  this  excess  will  be  Airther  rein- 
forced by  the  wrought-iron  rings,  which,  being  screwed  upon  the 
casting,  and  the  outer  layer  breaking  joint  over  the  inner,  will 
add  to  the  resistance  to  a  great  amount,  which,  however,  need  not 
be  computed. 

^Let  us  now  examine  a  gun  made  of  a  single  casting,  of  the 
dimensions  given  above — ^that  is,  of  14  inches  bore  and  14  inches 
thick.  Taking  the  normal  strength  of  cast  iron,  as  before,  at 
30000  pounds  per  inch,  we  must  reduce  it  according  to  the  laws 
before  explained  (see  the  preceding  article),  to  i,  or  a  mean  of 
10000  pounds  per  inch;  and  the  thickness  of  both  sides  being 
28  inches,  we  have  10000  x  28  =  280000  pounds  for  the  whole 
strength,  and  "If"  =  20000  pounds  to  each  inch  of  the  fluid 
pressure,  or  1333  atmospheres,  or  }ft|},  or  less  than  \  of  the  first 
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example.  Agaitist  a  croeB  fracture,  the  cast  gun  will  poaaeflB  a 
great  excess  of  strength,  which  I  do  not  like  to  call  naeleeB, 
although  I  do  not  perceive  how  it  can  be  of  any  essential  practical 
advantage.    ♦    ♦    ♦ 

^'  The  following  colomns  show  the  stress  that  the  several  kinds 
of  gnns,  as  mentioned,  will  bear,  by  calculation,  and  the  pressure 
required  to  give  the  velocity  of  1600  feet  a  second.  The  third 
column  shows  the  proportion  between  the  required  and  the  actual 
strength: 

AtaotpliOTet.        AtmospketM. 

Hooped  cannon  hr  14-inch  fliot  will  bear. 4>66|  required  1133   ^  too  1  900 

Caft-iron  gun,  14-inch  (hoc,  will  bear^ >333t        **        »33  100  i    €% 

Caft-iron  31-pounder  cannon,  6^  inches  thick,  wiU 

bear «333>        **  9*o  100:14s 

Hooped  cannon,  30  in.  diameter,*  3670  lb.  Ihoc 4^66)        **       4166  too  1  160 

^^By  this  it  appears  that  a  common  cast-iron  82-pounder,  hav- 
ing but  42  per  cent,  more  strength  than  is  required,  is  leM  reliable 
than  a  hooped  gun  of  14  inches.  It  will  be  recollected  that  the 
numbers  given  above,  in  the  second  column,  us  showing  the 
required  strength,  represent  the  utmost  force  ever  exerted  by  a 
charge  intended  to  produce  a  velocity  of  1600  feet  a  second.'^ 

990*  Anotheb  V8E  OF  Iloops.  Commander  Scott,  K.  N., 
mentions  another  service  rendered  by  hoops.* 

"Many  experiments  have  shown  the  destructive  effects  on 
cast-iron  ordnance  from  continuous  firing,  as  also  tlie  increased 
strength  resulting  from  long  rest ;  and,  by  allowing  two  or  tliree 
months  or  more  to  intervene  between  the  series  of  di>K*harges,  a 
very  much  greater  nimiber  of  rounds  may  l)e  safely  attained  than 
in  case  of  almost  daily  practice  with  the  same  gun.  At  page  21 S 
of  the  work  on  ^The  Useful  Metal%^  published  in  1857,  it  is  stated 
that  'pieces  cast  some  years  before  testing  stood  several  times  the 
quantity  of  firing  of  other  pieces  cast  but  a  few  months  previously.' 
The  tensile  properties  of  the  metal  did  not  explain  the  difference; 
and  the  form,  diment^ions,  weight,  method  of  casting  and  cooling, 
and  the  manner  of  proving,  were  the  same  in  all  the  pieces  tried. 

«  Journal  Ro^  Unittd  Bmrrieo  Inst,  April,  ISSl 
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*  *  *  All  gans  properlj  cast  are  Bufficientl j  strong  to  reaist  a 
few  rounds  of  heavy  chaiges;  but  by  using  them,  the  particles  of 
iron  would  be  disturbed,  and  then  would  not  rearrange  or  resettle 
themselves,  unless  a  period  of  long  rest  were  given.  *  *  The 
object,  therefore,  to  be  arrived  at  is,  to  prevent  the  disturbance  of 
the  jpartideSj  and  the  consequent  deterioration  of  the.  piece;  and 
this  is  what  the  hooping  does  effect,  when  the  gun  is  fired  with 
the  charges  which  the  hoops  are  calculated  to  withstand." 

991.  l>ereeto  of  the  Hooplnv  System—Remedies.  Each 
hoop  or  tube,  taken  by  itself,  has  the  element  of  weakness 
considered  in  a  foregoing  paragraph — its  inner  circumference 
is  more  stretched  and  strained  than  its  outer  circumference. 
Absolute  perfection  would  necessitate  infinitely  thin  hoops;  and 
practically,  the  thinner  the  layers,  the  greater  the  strength  (313) 
provided  the  mechanical  difficulties  in  constructing,  and  more 
especially  in  applying,  a  great  number  of  tliin  strata,  with  the 
proper  tension,  do  not  outweigh  their  advantages.  This  subject 
has  also  been  mathematically  illustrated  by  Mr.  Longridge,  in  the 
paper  before  referred  to.  Some  years  since,  Mr.  Longridge  con- 
structed a  number  of  guns  and  other  cylinders  to  be  subjected  to 
pressure,  by  winding  square  steel  wire  upon  homogeneous  metallic 
(Tjrlinders,  the  successive  layers  of  wire  having  an  increased,  initial 
tension,  and  corresponding  in  their  functions  tp  a  great  number 
of  very  thin  hoops  similarly  applied  (93).  lie  compares  the  wire 
reinforce  with  the  thick  hoops  used  by  Captain  Blakely  and 
others,  in  two  particulars, — the  actiial  strength  for  a  given  thick- 
ness of  metal,  and  the  practicability  of  construction.* 

999.  Waitt  of  CoNTiNunT^t  **In  the  first  place,  then,  there 
18  an  objection  to  the  use  of  hoops  from  the  want  of  coiitinuity." 
(Here  follows  an  explanation  of  the  weakness  of  a  homogeneous 
cylinder,  previously  given.)  "Now  the  object  sought  to  be  at- 
tained in  the  method  of  construction  under  consideration,  is  that 
each  particle,  such  as  K  (Fig.  138),  shall,  when  explosion  takes 


^  Tlie  results  of  Mr.  Longridge*8  ezporiments  have  been  giyen  in  Chap.  I. 
f  ''CoDstrucUon  of  ArtUlery,*'  Inst  Civfl  Engineers,  1860. 
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place,  be  equally  strained  with  O.     In  order  that  this  may  be  so, 
the  initial  state  of  the  tension  must  be  snch  as  is  represented  by 


FlO.  138w 


8tndn  do*  to  want  of  oontimuitj  of  hoops. 

the  curve  L  N  M,  those  between  O  and  N  being  in  compression, 
whilst  those  between  N  and  M  are  in  tension.  «  «  »  What 
took  place  where  the  explosion  occurred  might  be  thus  described: 
L  was  raised  to  H,  and  every  point  from  6  to  F  was  raised  up  to 
the  tension  denoted  by  its  projection  on  the  line  II  O.  The  total 
strength  was  represented  by  the  area  L  II  O  M  N  L,  which  was 
equal  to  the  rectangle  G  II  O  F.  That  was  the  way  to  get,  theo- 
retically, the  strongest  gun.     ♦    *    ♦ 

"  If  now  it  be  attempted  to  accomplish  this  by  means  of  hoo]>^  it 
will  be  found  impossible,  inasmuch  as  each  hoop  is  a  hoinogeiie«)ua 
cylinder,  and  follows  the  same  law  throughout  its  thickness,  as  is 
represented  by  the  curve  H  I.  Figs.  189,  140,  and  141  represent 
the  successive  state  of  stress  of  four  rings,  put  on  so  that  when  the 
explosion  takes  place,  they  shall  all  be  equally  strained  at  their 
inner  circumferences. 
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**Tbe  figoTtt  denote  the  Btrmins  in  tons  per  nqnare  inch. 

**  From  this  it  will  be  seen  that  when  the  four  rings  are  put  on, 


VM.  13t. 


Fia  140. 


Shows  throe  riogi  oo. 


instead  of  the  curve  L  N  M  of  Fig.  138,  there  are  a  series  of  abrupt 
changes,  the  two  inner  rings  being  in  compression,  imd  the  two 


obows  wonf  fiiisi  OB. 

ootcr  in  tension.  When  the  explosion  takes  place,  the  state  of 
maiimnm  strain  is  represented  bj  the  next  diagram.  Fig.  142. 
The  area  between  the  dotted  and  fitll  lines  shows  the  work  done 
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to  its  known  dnctility,  or  capacity  of  receiving  a  pemianoit 
change  of  figure  under  strain,  this  nicetj  is  pronounced  absurd  by 
practitians.  On  the  other  hand,  the  want  of  regard  for  mathe- 
matical nicetj  is  the  great  cause  of  failure  in  mechanical  experi- 
ment and  construction.  The  hooped  guns  of  Mr.  Whitworth, 
who  is  noted  for  the  ^Hruth"  of  his  workmanship,  and  who 
acknowledges  the  greatest  care  and  the  most  accurate  processes  in 
the  application  of  the  hoops,  are  stronger  to  resist  statical  pressure 
than  some  others  of  similar  construction  and  materiaL 

99S.  FoBCiNO  ON  Hoops.  Supposing  this  nicetj  in  the  ten- 
sion of  the  layers  of  a  gun  to  be  important,  Mr.  Longridge  fails  to 
prove  it  more  difficult  of  accomplishment  with  hoops  than  with 
wire.  Mr.  Whitworth  forces  on  the  rings  bj  hydrostatic  pressure. 
Captain  Blakely  also  advocates  the  same  method.*  As  to  which 
Mr.  Longridge  says:  ^^Ilere  again  occurs  the  practical  difficulty 
of  the  attainment  of  extreme  accuracy  of  workmanship,  involnng 
the  highest  class  of  skilled  labor,  and  the  greatest  vigilance  of 
supervision."  On  the  contrary,  the  forcing  of  a  slightly  conical 
ring  over  a  correspondingly  conical  tube,  obviates  the  necct^3ity 
of  great  accuracy  in  the  diameter  of  either  piece.  The  truth  of 
the  cone  depends  upon  the  correctness  of  the  lathe,  and  may  be 
removed  from  the  interference  of  the  workman.  Tlie  truth  of 
the  surfaces  is  also  a  question  of  good  tools.  The  tension  of  the 
ring  depends  on  the  distance  to  which  it  is  forced  upon  the  coni- 
cal tube,  and  this  may  be  r^ilated  to  a  pound,  by  the  ireighi 
upon  the  wfety-valve  of  Oie  hydrostatic  press.  With  special  toc^ls, 
which  are  economical  in  any  extensive  establishment,  such  as  a 
Oovemment  gun-factory,  or  even  with  the  common  machine 
tools,  modified  and  set  permanently  for  a  given  duty,  the  m<jst 
inexpert  workman  could  hardly  fail  to  make  a  good  job  (300). 
The  adjustment  of  Mr.  Longridge^s  Prony  brake,  to  give  ^he 
proper  tension  to  each  coil  of  wire,  is  certainly  simple  and  ade- 
quate, but  it  is  not  automatic,  like  the  safety-valve  of  a  hydro- 
static press. 

•  *<Coiistnictk»  of  Artillsi7/*  lost  C.  B^  ISSO. 
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8bsikkino  on  Hoops.  Unequal  Shrinkaok  of  Metal. 
If  b(M»|w  are  put  on  by  Bhrinking,  two  embarraABinents  arue. 
1.  Afi  Mr.  Longridge  sayA:  ''IIoo{)e  mu^t  be  accurately  iNired, 
and  after  each  layer  is  put  on,  the  gun  must  be  placed  in  the 
huhe,  and  the  hoopa  be  turned  on  the  outride.  Great  accuracy 
of  workmaniiliip  i«  indiftpennable,  and  not  only  10  tlie  amount  of 
labor  much  greater,  but  it  must  be  of  a  fiir  higher,  and,  rontte- 
qnently,  of  a  more  expenMve  claw.*'  2.  '^  Tlie  proceiM  of  shrinking 
on  i>  not  t4>  be  depended  upon.  Kot  only  is  there  a  difficulty  in 
insuring  the  exact  teni])erature  required,  but  scarcely  any  two 
pieces  of  iron  will  shrink  identii*ally.*^* 

The  fitting  of  hoops  with  the  nicety  of  adjustment  theoretically 
Decenary,  would  be  difficult;  practically,  it  would  not  be  done. 

Bat  the  chief  embarrassment,  even  when  there  is  lei^  accuracy 
sought,  is  the  unequal  effect  of  heat.  Tliis  subject  may  be  con- 
sidered under  three  heads: 

997.  Fir$i.  Heating  the  hoops  over  a  fire  to  expand  them, 
sabjerti  one  part  to  more  heat  than  another  part;  the  tempera- 
tures of  the  surface  and  the  interior  are  unequal,  thus  causing 
irrrgular  strains.  This  may  be  remedied  by  tyoiling  the  h(N>{)s  in 
water — under  pn»sure,  if  a  greater  expansion  than  212**  will  give 
is  re<{uin*d;  or  in  oil  they  may  I>e  boiled  at  a  temperature  of  04K>^, 
mtil  all  {larts  of  all  the  hoo]Mi  are  uniformly  heated.  The  oil 
would  t'Kigfaen  as  well  as  ex]»and  the  hcM>]m. 

S^-^md,  The  Amihtnmg  h<io{M  are  often  heated  to  redness,  so 
that  they  scale  ft^eely  when  ex{M)sed  to  the  air.  Even  at  a  bla(*k 
beat,  a  ermsiderable  oxidation  oc«*ur».  Tlius  the  intcnial  di- 
ameter of  th«»  IuN>p  is  increa^e<l,  and  M*ale  is  left  Wtwcen  some 
}«rtis  and  not  between  others,  thus  sensibly  deranging  the  accu. 
racy  prwrribed  by  the«»ry  { 293). 

ThirtI,  Cast  in>n  and  steel  S4Miiiibly  and  {permanently  enlarge, 
in  lynifMirtion  to  the  carbon  they  c<mtain,  when  subject4-<l  U^  heat. 

^  VL-Crl  f1ij.  of  Urn  Iferwr  Iroa  Worlm,  •prcudtr  rtfrrs  ("CooftnuiUm  of  ArtU- 
Iptt  Ida  r.  K^  IS4»)  10  thU  <Wre«n.  **IU  knew  that  irtm  aiid  wu^\  4.fl<n^  mtiHi 
m  thmt  •ipmamo  sod  cootriotMm.  and  lie  IlKHitrhl  it  wotiirt  be  ifie  rR««  with  inn 
ynrrallj.  actjwdim  m  tiM  crTiUUiSid  or  Sbroui  stniciiirB  prBdooiaatod.'* 
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to  its  known  ductility,  or  capacity  of  receiving  a  permanent 
change  of  figure  under  strain,  this  nicety  is  pronounced  absurd  by 
practitians.  On  the  other  hand,  the  want  of  regard  for  mathe- 
matical nicety  is  the  great  cause  of  failure  in  mechanical  experi- 
ment and  construction.  The  hooped  guns  of  Mr.  Whitworth, 
who  is  noted  for  the  ^^  truth '^  of  his  workmanship,  and  who 
acknowledges  the  greatest  care  and  the  most  accurate  processes  in 
the  application  of  the  hoops,  are  stronger  to  resist  statical  pressure 
than  some  others  of  similar  construction  and  material. 

99A.  FoficiMO  ON  Hoops.  Supposing  this  nicety  in  tlie  ten- 
sion of  the  layers  of  a  gun  to  be  important,  Mr.  Longridge  fails  to 
prove  it  more  difficult  of  accomplishment  with  hoops  than  with 
wire.  Mr.  Whitworth  forces  on  the  rings  by  hydrostatic  pressure. 
Captain  Blakely  also  advocates  the  same  method.*  As  to  which 
Mr.  Longridge  says:  ^'ITere  again  occurs  the  prac^tical  difficulty 
of  the  attainment  of  extreme  accuracy  of  workmanship,  involving 
the  highest  class  of  skilled  labor,  and  the  greatest  vigilance  of 
supervision."  On  the  contrary,  the  forcing  of  a  slightly  conical 
ring  over  a  correspondingly  conical  tube,  obviates  the  nece«i«ity 
of  great  accuracy  in  the  diameter  of  either  piece.  The  truth  of 
the  cone  depends  upon  the  correctness  of  the  lathe,  and  may  be 
removed  from  the  interference  of  the  workman.  Tlie  truth  of 
the  surfaces  is  also  a  question  of  good  tools.  The  tension  of  the 
ring  depends  on  the  distance  to  which  it  is  forced  upon  the  coni* 
cal  tube,  and  this  may  be  regulated  to  a  pound,  hy  the  wrSglU 
upon  the  eafety-valve  of  the  hydrostatic  press.  With  special  thiols, 
which  are  economical  in  any  extensive  establishment,  such  as  a 
Gk>vemment  gun-factory,  or  even  with  the  common  machine 
tools,  modified  and  set  permanently  for  a  given  duty,  the  most 
inexpert  workman  could  hardly  fail  to  make  a  good  j«>b  (300). 
The  adjustment  of  Mr.  Longridge^s  Prony  brake,  to  give  the 
proper  tension  to  each  coil  of  wire,  is  certainly  simple  and  ade- 
quate, but  it  is  not  automatic,  like  the  safety-valve  of  a  hydro- 
static press. 

•  **CocMtniction  of  Artiltery/*  iBft  a  B^  1860. 
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Shbikkino  on  Hoops.  Unequal  Shrinkaoe  op  Metal. 
If  hoope  are  put  on  by  shrinking,  two  embarrasBtnents  arise. 
1.  As  Mr.  Longridge  says:  '^ Hoops  must  be  accurately  bored, 
and  after  each  layer  is  put  on,  the  gun  must  be  placed  in  the 
lathe,  and  the  hoops  be  turned  on  the  outside.  Great  accuracy 
of  workmansliip  is  indispensable,  and  not  only  is  the  amount  of 
labor  much  greater,  but  it  must  be  of  a  far  higher,  and,  conse- 
quently, of  a  more  expensive  class."  2.  "  The  process  of  shrinking 
on  h  not  to  be  depended  upon.  Not  only  is  there  a  difficulty  in 
insuring  the  exact  temperature  required,  but  scarcely  any  two 
pieces  of  iron  will  shrink  identically."* 

The  fitting  of  hoop^,  with  the  nicety  of  adjustment  theoretically 
necessary,  would  be  difficult;  practically,  it  would  not  be  done. 

But  the  chief  embarrassment,  even  when  there  is  less  accuracy 
sought,  is  the  unequal  effect  of  heat.  This  subject  may  be  con- 
sidered under  three  heads: 

997.  First.  Heating  the  hoops  over  a  fire  to  expand  them, 
subjects  one  part  to  more  heat  than  another  part;  the  tempera- 
tures of  the  surface  and  the  interior  are  unequal,  thus  causing 
irregular  strains.  This  may  be  remedied  by  boiling  the  hoops  in 
water — ^under  pressure,  if  a  greater  expansion  than  212**  will  give 
is  required ;  or  in  oil  they  may  be  boiled  at  a  temperature  of  600®, 
until  all  parts  of  all  the  hoops  are  uniformly  heated.  The  oil 
would  toughen  as  well  as  ex]>and  the  hoops. 

Second.  The  Armstrong  hoops  are  often  heated  to  redness,  so 
that  they  scale  freely  when  exposed  to  the  air.  Even  at  a  black 
heat,  a  considerable  oxidation  occurs.  Thus  the  internal  di- 
ameter of  th^  hoop  is  increased,  and  scale  is  left  between  some 
parts,  and  not  between  others,  thus  sensibly  deranging  the  accu^ 
racy  prescribed  by  theory  (293). 

Third.  Cast  iron  and  steel  sensibly  and  permanently  enlarge, 
in  proportion  to  the  carbon  they  contain,  when  subjected  to  heat. 

^  Lt.-CoL  City,  of  the  Meraej  Iron  Works,  specially  refers  (*' Construction  of  Artll- 
leiy."  Inst.  C.  E.,  1860)  to  this  defect.  '*He  knew  that  iron  and  steel  difl'cred  much 
in  their  ezpmsion  and  contraction,  and  he  thought  it  would  be  the  case  with  iron 
generaUy,  acoording  as  the  crystallized  or  fibrous  structure  predommated.'* 
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The  same  cause  would  contribute  to  the  minute  inaccuracy 
deprecated  by  Mr.  Longridge,  even  in  case  of  the  low  steel  em- 
ployed for  guns. 

398.  A  recent  series  of  experiments  on  the  change  of  figure 
of  metals  by  heating  and  cooling,  is  so  remarkable  in  its  results, 
that  many  of  the  failures  of  guns  hooped  at  higli  temperature 
may,  perhaps,  be  traced  to  this  cause.  Au;  abstract  of  the  experi- 
ments is  certainly  appropriate  in  this  connection,  especially  as  the 
hoops  of  the  Armstrong  and  other  guns  are  cooled  so  as  to  pro- 
duce, in  some  degree,  the  effects  described. 

"On  the  Change  of  Fobm  assumed  by  Wbouqht  Ibon  and 
OTHER  Metals  when  Heated  and  then  Cooled  by  Pabtial 
LocEBSioN  IN  Watee,"*  "  The  experiments  were  made  on  cylin- 
ders of  wrought  iron,  of  different  dimensions,  both  hollow  and 
solid,  immersed,  some  to  one-half  of  the  depth,  others  to  two  thirds; 
also  on  similar  cylinders  of  cast  iron,  steel,  zinc,  tin,  and  gun 
metal.  The  specimens  experimented  on  were  all  accurately  turned 
in  a  lathe  to  the  required  dimensions,  which  were  carefully  noted; 
they  were  then  heated  to  a  red  heat  in  a  wood  ftimace,  used  for 
heating  the  tires  of  wheels.  As  soon  as  they  had  acquired  the 
proper  heat,  they  were  taken  out  and  immersed  in  water  to 
one-half  or  two-thirds  their  deptlu  The  temperature  of  the 
water  ranged  from  60°  to  70°  Fahr.  The  specimens  were  allowed . 
to  remain  in  the  water  about  two  minutes,  at  which  time  the 
portion  in  the  air  had  lost  all  redness,  and  that  in  the  water  had 
become  sufficiently  cool  to  handle.  These  alternate  heatings  and 
coolings  were  repeated  till  the  metal  showed  signs  of  cracking  or 
giving  way." 

Fig.  143  is  one  of  the  illustrations  given  by  Lt.-CoL  Clerk.  It 
represents  a  12-in.  wrought-iron  cylinder,  -Jin.  thick  and  9 in, 
deep,  after  being  heated  to  redness,  and  cooled  by  inamersing  its 
lower  half  in  cold  water — these  operations  having  been  repeated 
20  times.  The  upper  edge  of  the  cylinder  (in  the  air)  did  not 
alter;   the  lower  edge  (in  the  water)  contracted  '6 in.   in  the 

*  Lt-CoL  H.  Clerk,  B.  A.,  F.  B.  a     '*Prooeedmg8  of  the  BojtX  Sooiely." 
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Fio.  143. 


Wrought-iroti  cylinder,  after  twenty 
heatings  and  ooolings. 


circumference,  and  at  about  1  in.  above  the  water-line  the  circum- 
ferenee  was  reduced  5*5  in. 

The  general  effects  mentioned  in  the  paper  are  "a  maximum 
contraction  of  the  metal  about 
1  in.  above  the  water-line;  and 
this  is  the  same  whether  the 
metal  be  immersed  one-half  or 
two-thirds  its  depth,  or  whether 
it  be  9,  6,  or  Sin.  deep.  With 
wrought  iron,  the  heatings  and 
coolings  could  be  repeated  from 
15  to  20  times  before  the  metal 
showed  any  signs  of  separation ; 
but  with  cast  iron,  after  the  fifth 
testing,  the  metal  was  cracked, 
and  the  hollow  cylinder  separated  all  round  just  below  the  water- 
line  after  the  second  heating.  Cast  steel  stood  20  heatings,  but 
was  very  much  cracked  all  over  its  surface. 

"As  respects  the  change  of  form  of  cast  iron  and  steel,  the 
result  was  similar  to  that  in  wrought  iron,  but  not  nearly  so  large 
in  amount.  Tin  showed  no  change  of  form,  there  being  appa- 
rently no  intermediate  state  between  the  melting  point  and  abso- 
lute Bolidity.  Brass,  gun  metal,  and  zinc  showed  the  effect 
slightly;  but  instead  of  a  contraction  just  above  the  water-line, 
there  was  an  expansion  or  bulging. 

"The  specimens  of  wrought  iron  were  submitted  by  Mr.  Abel 
(chemist  to  the  War  Department)  to  chemical  analysis,  and  he 
informs  me  that  he  found  nothing  noteworthy  in  the  composition 
of  the  metal,  nor  was  there  any  appreciable  difference  in  the  spe- 
cific gravity  of  the  metal  taken  from  different  parts  of  the  speci- 
men. It  appears,  therefore,  to  be  simply  a  movement  of  the 
particles  whilst  the  metal  is  in  a  sofl  or  semifluid  state." 

399.  Want  of  CoNmnnrY  of  Substance.  During  the  last 
two  years  the  grand  defect  of  many  hoops — many  parts — in  a  gun 
— haa  been  developed  in  the  fracturing  and  shaking  loose  of  the 
Armstrong  hoops,  under  the  tremendous  vibration  due  to  firing 
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lai^  charges  (335).  This  subject  will  be  further  referred  to,  in 
order,  and  some  of  the  facts  will  be  stated  under  the  head  of 
Wrought  Iron.* 

It  is  but  just  to  say  that  the  result  was  predicted  in  the  discus- 
sion on  artillery  (1860)  already  quoted.  Mr.  Longridgc  says: 
^^  Hoops  must  always  possess  the  defect  of  want  of  continuity  of 
substance.  Ilowever  perfect  the  workmanship  at  first,  in  laige 
guns,  the  concussion  of  repeated  firing  would  ere  long  shake  them 
loose.  Those  who  have  had  to  do  with  heavy  machinery  subject 
to  violent  jars,  such  as  in  rolling  mills  and  foi^  hammers,  know 
well  how  impossible  it  is  to  keep  iron  and  iron,  however  well 
fitted,  working  together  for  any  length  of  time  without  shakii^ 
loose.  The  only  remedy  is,  to  separate  the  pieces  of  iron  fix>m 
each  other  by  a  packing  of  elastic  material,  so  as  to  take  off  the  jar. 
Kow  the  concussions  in  such  machinery  are  insignificant  a.s  com- 
pared with  those  in  a  large  piece  of  ordnance,  and  therefore  the 
use  of  hoops  for  lai^  guns  cannot  prove  satisfactory.'^  Sir 
Charles  Fox,  in  the  same  discussion,  considerB  that  this  objeition 
would  ^^  destroy  all  the  advantages  of  so  expensive  a  mode  of  con- 
struction," if  the  separate  parts  were  not  united  by  soldering  or 
welding.  Professor  Treadwell  anticipated  and  provided  against 
it  to  some  extent,  by  screwing  the  hoops  together.  The  defect — 
'^want  of  strength  and  solidity  in  the  union  of  the  different 
parts" — ^is  also  mentioned  by  Captain  Benton.f 

SOO.  Pebmanent  Exlaboement  op  Hoops  under  Steajk. 
The  experience  with  hooped  guns  having  initial  tension  is  too 
limited  to  warrant  the  conclusion  that  vibration  would  not  loosen 
hoops  of  a  very  elastic  metal  not  strained  beyond  the  limit  of  its 
elasticity.  Still,  the  loosening  of  the  hoops  by  the  ])ermanent 
stretching  of  a  metal  like  wrought  iron,  would  appear  to  be  the 

*  The  oiBcial  report  of  the  expenmentfl,  at  Southport,  with  the  Whitwortb  SO^r. 
sajB  thmt  the  gun  was  made  of  bomogeDeoua  metal,  and  streugtbened  tlirmighout  ata 
whole  length  by  wrought-iron  ringa,  and  that  **we  obserred,  at  the  done  of  ihc  prac- 
tice, an  oily  anbetance  oocing  ont  al  the  JoactioiiB  of  the  nn^B  which  utrenKthen  the 
gun  on  the  diaoe;  and  alao  at  the  fine  of  the  pieoe  where  the  outer  and  inner  cylia* 
deremeet** 

t  '^Ordnaooe  and  Ounneiy/*  ISSS. 
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beginniiig  of  this  kind  of  failure.  The  permanent  enlargement 
of  hoops  under  strain  not  only  destroys  the  original  accuracy  of 
tension  by  reason  of  its  inequality,  but  actually  prevents  their 
hugging  the  inner  barrel  after  long  use.  Sir  Charles  Fox,  among 
others,  presented  this  view  of  the  case  in  the  discussion  referred 
to  before  the  Institution  of  Civil  Engineers.  Dr.  Hart  (286)  also 
expresses  the  same  opinion.* 

This  defect  may  be  remedied  in  the  case  of  conical  rings,  which 
can  be  tested  and  set  up  if  required,  from  time  to  time,  without 
dismounting  the  gun,  by  a  comparatively  light  hydrostatic  press 
that  can  be  transported  from  fort  to  fort,  or  aboard  ship. 

Practically,  perfect  elasticity  would  remedy  the  defect,  and  this 
is  undoubtedly  attainable  by  the  use  of  steel  rings.  Hence  the 
practice  is  changing  from  iron  to  steel.  Mr.  Whitworth  and 
Captain  Blakely  use  steel,  and  consider  wrought  iron  unfit. 
Indeed,  one  manufacturer  of  guns  compares  iron  hoops,  in  this 
particular,  to  leather.  The  excellent  wrought  iron  used  by  Cap- 
tain Parrott  for  hoops  is  nearly  as  elastic  and  strong  as  low  steel, 
so  that  the  embarrassment  under  consideration  has  not  been 
experienced  with  his  guns.  - 

A  high,  elastic  steel,  however,  is  likely  to  burst  without  warning 
if  at  all;  whfle  soft  wrought  iron,  especially  in  the  form  of  concen- 
tric tubes,  will  indicate  coming  f^lure  by  stretching,  and  will,  in 
fact,  fail  altogether  without  doing  serious  damage.  In  various 
instances,  the  outer  rings  of  the  Armstrong  guns  have  broken 
without  dangerously  reducing  the  resistance  of  the  gun  to  burst- 
ing (44s).  The  first  lO^in.  gun  was  fired  several  times  after  the 
bursting  of  an  outer  hoop,  before  the  gun  failed,  and  then  it 
failed  by  the  blowing  out  of  the  breech,  after  the  strain  of  a  90-lb. 
charge. 

SOI.  A  strong  wrought-iron  tube,  placed  loosely  outside  the 
steel  hooping,  would  prevent,  or  at  least  modify,  the  disastrous 
character  of  an  explosion — the  killing  and  demoralization  of  men, 
and  the  disabling  of  adjacent  machinery  by  fiying  fi*agments. 

«  LeUer  to  th*  author,  Sept  a,  isea. 
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Sir  William  Armstrong^B  aasertion,  before  the  Select  Committee  on 
Ordnam*e  (1863),  that  none  of  the  3000  gons  manufactured  had 
"burst  explosive/ t/y^^  is  important  in  this  connection.  The  low 
elasticity  of  the  wrought  iron  caused  many  failures;  but  its  high 
ductility  prevented  many  disasters.  It  may  be  practicable  to 
realize  the  advantages  of  both  these  qualities  by  loosely  hooping 
a  steel  gun  with  iron.  The  additional  mass  of  the  hoops  would 
be  of  farther  use  in  checking  the  vibration  of  the  barreL 

S09.  The  range  of  elasticity  in  the  respective  tubes,  with 
reference  to  their  distance  from  the  centre  of  the  gun,  has  an  im- 
portant bearing  on  the  durability  of  the  gun.  Supposing  the 
inner  tube  to  have  a  low  range,  and  the  outer  tube  a  high  range 
of  elasticity.  The  inner  metal,  which  is  required  by  the  pressure 
of  the  powder  to  stretch  most  (280),  can  only  stretch  least ;  and 
the  outer  tube,  required  to  stretch  least,  can  elongate  far  beyond 
the  demand  without  injury.  The  result  is  that  the  outer  tube 
must  be  put  and  kept  under  an  initiuL  tension  nearly  up  to  its 
working  load,  in  order  that  the  "work  done"  by  its  minute  elon- 
gation may  be  equal  to  that  of  the  iimer  tube.  This  severe  and 
permanent  strain  on  the  outer  tube  obviously  t^ids  to  relax  it. 
On  the  other  hand,  if  the  inner  tube  can  stretch  very  much  with- 
out injury,  and  the  outer  tube  can  only  stretch  a  little,  the  initial 
and  permanent  stress  upon  all  parts  of  the  gun,  in  order  that  it 
may  be  uniformly  strained  under  fire,  will  be  very  slight,  and  the 
tendency  to  relaxation  very  limited.    (59.) 

Cast  iron,  hooped  with  wrought  iron,  or  with  a  low  steel  having 
a  great  range  of  elasticity,  is  therefore  likely  to  lose  its  correct  ini- 
tial tension  (91).  Oast-steel  inner  tubes,  hooped  with  wrought 
iron — the  new  Armstrong  guns — ^have  the  same  defect 

SOS.  But  if  a  wrought  iron  or  steel  tube  be  placed  within  a 
cast-iron  casing,  and  then  strained  beyond  tiie  limit  of  its  elasti- 
city, or,  in  other  words,  permanently  stretched,  this  change  of 
figure  will  strengthen  rather  than  weaken  tlie  gun,  as  it  will  plac^ 
the  outer  casing  in  a  state  of  initial  tension.  This  principle  of 
construction  will  be  further  considered  (320). 

S04.    LoNorruDiN^L  Stbxnoth.    The  longitudinal  strain  that 
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would  be  imposed  npon  a  gan  by  Btatical  pressure  would  occur 
between  the  trunnions  and  the  chamber,  since,  as  the  internal 
pressure  would  tend  to  carry  the  shot  forward  and  the  chamber 
backward,  the  chamber  would  be  prevented  from  going  to  the 
rear  only  by  the  tension  of  that  part  of  the  tube  which  connects  it 
with  the  trunnions.  If  the  trunnions  were  behind  the  chamber, 
or  if  the  recoQ  was  resisted  at  the  cascable,  the  longitudinal  strain 
would  be  due  only:  1.  To  the  tendency  of  the  shot  to  carry  for- 
ward, by  friction,  the  part  of  the  gun  in  contact  with  it.  2.  To 
the  inertia  of  the  part  of  the  gun  in  front  of  the  shot.  Under  the 
sudden  pressure  of  powder,  this  inertia  of  course  imposes  a  con- 
siderable strain. 

The  theoretical  resistance  of  a  cylinder  under  internal  pressure, 
to  cross  fracture,  is  four  times  as  great  as  its  resistance  to  splitting 
longitudinally,  if  the  tenacity  of  the  metal  is  the  same  in  all  direc- 
tions, and  if  the  resistance  of  the  cylinder  to  bursting  is  not  aided 
by  the  strength  of  the  ends  or  heads  of  the  cylinder. 

SOS,  Longitudinal  weakness  may  obviously  be  modified  by 
placing  the  tmnnions  at  the  rear,  at  the  expense  of  some  complex- 
ly in  the  carriage  or  machinery  for  elevating  the  gun.  But  the 
same  result  is  attained  without  this  complexity — without  disturb- 
ing the  usual  and  convenient  preponderance — by  a  strap  connect- 
ing the  breech  with  a  separate  trunnion-ring.  A  very  strong  and 
cheap  breech-strap  of  this  kind  is  applied  by  Admiral  Dahlgren 
to  all  the  U.  S.  Navy  cast-iron  rifled  guns,  except  the  Parrott 
guna.  It  is  made  of  bronze,  and  cast  in  two  pieces;  one  piece 
constituting  the  strap,  half  the  trunnion-ring  and  the  greater 
part  of  the  trunnions;  the  other  constituting  the  opposite  half  of 
the  trunnion-ring  and  the  remainder  of  the  trunnions.  The  two» 
parts  are  riveted  together  at  the  trunnions,  as  shown  by  Figs.  144 
and  145. 

This  breech-strap  was  designed  to  remedy  another  and  greater 
defect  of  cast-iron  guns  than  longitudinal  weakness — the  unsound- 
ness of  the  casting  around  the  trunnions  (390). 

Mr.  C.  W.  Siemens  proposes  the  following  construction,  resem- 
bling Professor  Treadwell's  (288)  in  principle,  to  meet  this  defect. 
17 
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"  The  longitudinal  strength  of  the  gun  might  be  much  increased, 
if,  instead  of  winding  wire  upon  it,  it  was  bound  with  corrugaUHi 
bands  of  steel,  put  on  spirally.     He  estimated  that  two-thirds  of 


FXO.  144. 


Fig.  IV*. 


Dahlgren'B  breech-strap — plan. 


Dahlgren's    brecch-itrap 
—elevation. 


the  whole  tensile  strength  of  these  bands  would  thus  be  made 
available  for  longitudinal  strength.  He  proposed  that  the  c\>re 
of  the  gun  should  be  turned  with  spiral  grooves,  extending  back- 
ward   beyond    the    l>ore,    and 


Fio.  146. 


^***--«-w^ir —  -  — 


fitting    the    longitudinal    ril)6 
,,..,,,,,,,^_  __  _  ,      or  comigation    of  the    strips. 

^^  /         I       -f^i..  I  ir         ^®   strips  shouM  l>e  put  on 

fi  }^\       under   varying   tensi«)in  while 

^^Y        ""  ""^    ^^^H^^^B     ^^®  ^"  rotated  in  a  bath  of 

V^21 ^^^^^MBb     solder,  in   order  to  unite  the 

several  layers,"* 

S06.       The     longitudinal 
strength  of  Mr.  Whitworth's  hooped  gun  (Fig.   146)  is  made 


Breech-acrew  of  Whitworth  gon. 


*  *'Coii8tniction  of  AKiOery,**  Inst  CItiI  BngiDeering,  1860. 
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ample — much  greater  than  that  possible  in  a  wire-wound  tube,  or 
a  tube  hiMiped  by  plain  cylinder,  by  screwing  the  breech-plng 
n<vt  only  into  the  central  tul>e,  but  into  one  or  more  of  the  hoo]w 
(44),  which,  l>eing  comical,  ninst  l>e  burst,  or  at  least  stretched, 
before  they  can  be  drawn  backward. 

S#7,  Captain  Blakely  says  on  this  subject:*  ''Care  must  be 
taken  to  have  sufficient  longitudinal  strength.  For  this  purpose 
Mmie  circumferential  strength  may  well  be  Kacriti(*(*<I,  by  casting 
one  fiart  the  length  of  .the  entire  gun,  and  of  adequate  thickness. 
For  various  reasons  it  seems  better  that  this  single  lai^  )>iece 
should  be  the  inside,  cast  iron  l)eing  admirably  suited  for  the  bore 
of  a  gun,  whereas  wrought  iron  generally  has  some  defect  in  the 
welding,  which  would  certainly  be  penetrated  by  tlie  gas  of  the 
powder.  In  some  cases,  for  instance  in  breech-loading  guns, 
it  may,  however,  be  preferable  to  have  the  hmgitudinal  strength 
oatiiide.  Tlie  latter  construction  has  the  advantage  of  giving 
gn-mter  circumferential  strength;  for  (^trangc  though  it  may 
M^'W)  an  ordinary  cai^t  gun,  whether  of  iron  or  brass,  would  be 
strengthened  at  the  breech  by  removing  one-quarter  of  the  thick- 
ness from  the  inside,  and  replacing  the  metal  with  even  lead  or 
pewter.  The  reason  of  this  apparently  panuloxical  increase  of 
strength  is,  tliat  eac*h  remaining  portion  could  do  more  work 
without  any  part  giving  way  in  the  pro{H)rtion  of  3*  to  2*  or  9  to 
4,  when  the  inner  }>art  (which  must  yield  first)  is  larger  than  as 
at  present  in  the  ratio  of  3  to  2.  The  gain  of  jniwer  by  thus  jier- 
mitting  the  <mtside  to  exert  more  of  its  force  is  gn^ater  than  the 
h»^  by  removing  the  inner  parts,  which  must  have  cracked  liefiire 
the  outer  cf>ald  be  mcMlerately  strained.  A  hm.^  lining  near  the 
bre<<*<'h  of  a  gun  would  evidently  add  much  to  it>  htrength.  This 
Would  also  be  a  convenient  way  of  strengthening  mortars  already 
cast*" 

S#8.  In  his  pamphlet  on  tubes  with  var^'ing  elasticity  (324), 
Mr.  Parsons  says:  ^*In  guns  on  the  com|iound  syMem.  matle  of 
iron,  with   the  breech   and   reinforce   tume<l   down    and 

•  "A  Cbsip  and  ftapte  M^chod  of  Maaofartnnnir  Scrooir  rannoo,  ISSS." 
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wrought-iroii.  or  steel  hoops  shrunk  or  forced  on  it,  one  of  two 
things  must  be  the  result,  viz. :  either  the  cast  iron  must  be  turned 
down  to  an  extent  which  would  render  the  gun  too  weak  longi- 
tudinally, in  order  to  allow  it  to  be  compressed  sufficiently  to 
obtain  any  additional  transverse  strengtli  from  the  hoops,  or,  if 
enough  of  the  cast  iron  is  retained,  to  provide  the  requisite  longi- 
tudinal strength,  all  the  wrought-iron  rings  that  can  be  put  on 
outside  will  add  but  little  to  the  transverse  strength ;  for,  unless 
the  cast  iron  is  compressed  very  considerably,  the  wrought-iron 
rings  will  not  come  into  play  before  the  interior  is  overstrained 
or  ruptured :  on  the  well-known  law,  that  the  amount  of  exten- 
sion of  any  lamina  of  metal  at  the  interior  is  to  that  of  the 
exterior,  inversely  as  the  squares  of  their  respective  diameters, 
and  when  it  is  remembered  that  the  reinforce,  although  turned 
down  smaller  to  receive  the  rings,  is  supported  by  the  solid  part 
of  the  breech  at  one  end,  and  part  of  the  reinforce  remaining  its 
original  size  at  the  other  end,  it  is  easy  to  understand  that  the 
wrought-iron  rings  would  make  but  littie  impression  in  compress- 
ing the  cast  iron,  if  left  of  sufficient  size  to  provide  the  requisite 
longitudinal  strength;  however,  the  best  proof  of  the  fallacy  of 
this  system  will  be  found  in  the  number  of  burst  guns,  embodying 
this  principle  in  an  almost  endless  variety  of  form,  lying  for 
inspection  in  Woolwich  Arsenal." 

S09.  Mr.  Lancaster,  whose  name  is  well  known  in  connection 
with  the  Lancaster  gun,  states  some  important  experiments  with 
reference  to  the  longitudinal  weakness  of  cast-iron  guns  as  hooped 
at  Woolwich,  and  a  plan  for  remedying  the  defect.  It  must  be  re- 
marked, however,  that  some,  at  least,  of  the  guns  referred  to,  were 
turned  down  very  small  before  the  hoops  were  applied.  Commander 
Scott  says  of  them  :*  "  Instead,  however,  of  hooping  the  existing 
ordnance  on  a  plan  which  had  proved  successful,  a  new  pattern 
weapon,  which  was  thick  in  front  of  the  trunnions  and  very  thin 
at  the  breech,  was  applied.  But  as  the  hooping  a  a  (Fig.  147)  did 
not  unite  the  cast  iron  to  the  wroughtriron  bands,  the  weapons  had 

*  Journal  Rojal  Unked  Seirioe  infltitutioD,  April,  186S. 
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FlO.  147. 


BO  little  longitudiual  strength,  and  were  so  weak  at  b  i,  where  the 
thickness  of  cast  iron  was  suddenly  reduced  to  two  or  three  inches, 
that  the  guns  proved  unsafe."     Mr.  Lancas- 
ter* says:  '*  *    *    From  time  to  time  many 
experiments  have  taken  place  at  Woolwicli, 
and  I  believe  in  the  course  of  the  experiments 
some  £10000  of  public  money  was  expended 
to  see  if  it  was  possible  to  produce  a  strength- 
ened cast-iron  gun.     *     ♦     ♦     If  you  leave 
the  end  of  the  gun  in  its  normal  state,  and 
merely  depend  on  the  tensile  strength  of  so 
many  inches  of  cast  iron,  of  course  it  i8  no 
use  strengthening  it  on  the  periphery  of  the 
gun,  imd  that  gun  will  burst  as  near  as  pos- 
sible in  the  same  time  as  if  it  were  wholly  of 
cast  iron.     That  was  the  result  of  these  ex- 
periments, and  so  much  so,  that,  in  the  results 
at  the  proof-butt  at  Woolwich  arsenal,  guild 
burst  after  51  rounds  of  destructive  proof  *  * 
"A  gun  was  prepared  in  which  the  rear 
end  of  the  gun  was  turned  down  over  an  inch 
and  a  half  on  the  posterior  quarter,  and  a 
longitudinal  truss  was  fitted  over  it,  in  this 
way  enveloping   the   ends   an   inch   and   a 
half,  and  completely  embracing  the  gun,  the 
wrought-iron  hoops  being  then  shrunk  on 
over  the  longitudinal  truss.    A  very  remark- 
able result  was  given  by  this  experiment. 
The  gxm  immediately  went  up  in  the  scale 
of  strength,  under  the  same  condition  of  10 
pounds  of  powder,  the  unit  of  projectile  of  a 
32-pounder,  and  so  on,  increasing  every  10 
rounds  1  unit;  it  went  up  to  81  rounds  instead  of  51."     Mr.  Lan 
caster  therefore  proposes  the  wrought-iron  casing  (Fig.  148)  sup 


Armstrong  hooped 
iron  naval  gun.    Scale, 
jfg  in.  to  1  ft. 


^  Jounial  Bojal  United  Beryioe  Institution,  June,  1862. 
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porting  the  whole  rear  of  the 
gan.  Another  plan  of  hoop- 
ing, patented  by  Mr.  Lanca^ 
ter,  and  deaigned  to  give 
great  longitudinal  strength, 
ifl  shown  by  Fig.  149.  Cap- 
tain Blakely  ako  useB  a 
jacket,  similar  to  Fig.  148,  in 
some  of  his  later  guns. 

SIO.  If  such  a  casing 
could  be  made  strong  at  a 
feasible  cost,  and  put  on  tight, 
it  would  obviously  overcome 
the  diflSculty  of  longitudinal 
weakness,  and  provide  the 
other  advantage  —  resistance 
to  bursting — of  a  long  hoop. 
Steel  is  already  cast  solidly 
into  these  fonus.  Messrs. 
Naylor,  Vickers  &  CJo.  cast 
tubes  with  closed  ends,  84>und 
enough  to  be  used  for  hydro- 
static presses  without  ham- 
mering. The  Biichum  Com- 
pany (Prussia)  have  cast  liells 
of  20000  lbs.  weight,  fhmi 
steel  very  like  Krupp's,  and 
made  fn>m  the  same  mate- 
rials, and  by  substantially  the 
same  pn>cess — hence  tlie  be^t 
materials  for  guns.  These 
castings  can  be  farther  dim- 
pressed  by  rolling,  or,  if  <'ast 
solid,  by  forging.  But  it 
would  be  impracticable  to 
turn  and  bore  the  parts  with  accuracy  enough  to  secure  the  proper 
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tension,  if  they  were  tapered  and  forced  on  by  hydrostatic  pres- 
sure :  the  contact  of  the  end  of  the  tube  with  the  bottom  of  the 


Fio.   149. 

^■ 

"^^ 

i^- 

\ 

i 

.  ^\ 

i^f^ 

*.     .  . 

") 

AV»A*W* 

\ 

I 

Ve- 

Lancaster's  hooping,  to  give  longitudinal  strength. 

casing  would  prevent  any  adjustment  of  the  tension.  If  the 
chamber  was  shrunk  on,  it  would  be  likely  to  shrink  unequally, 
on  account  of  the  difference  of  mass  at  the  two  ends.  But  it 
would  be  drawn  very  tightly  over  the  end  of  the  tube  by  shrink- 
ing longitudinally,  if  it  was  lirst  cooled  at  the  trunnion  end  so  as 
to  nip  the  tube  at  that  point.  This  method  has  been  practised  at 
Woolwich,  in  shrinking  together  some  of  the  recent  experimental 
guns. 

SI  1.  The  Parrott  gun  is  not  weakened  longitudinally,  like  the 
gun  referred  to  by  Mr.  Lancaster,  because  the  full  diameter  of  the 
caatriron  breech  is  preserved.  The  increased  diameter  of  the 
hoop  requires  certain  modifications  in  the  carriage ;  but  this  is  not 
a  serious  objection.     (See  note  in  Appendix.) 

The  longitudinal  strength  of  the  Armstrong  gun  is  secured: 
1.  By  making  the  breech-piece  a  thick,  solid 
forging  with  longitudinal  grain  (9).  2.  By 
notching  the  trunnion-ring  (Fig.  150)  over 
the  tubes  within  it.  And  3,  by  flanging 
the  outer  ring  over  the  rear  of  the  breech- 
piece.     (See  Fig.  25.) 

319.  Length  of  Hoops.  Hoops  of  considerable  length  are 
desirable,  to  add  to  the  fVictional  surface,  thus  giving  longitudinal 
stien^h  to  the  gun.     But  length,  or  continuity,  \%  chiefly  desi- 
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Fig.  151. 


Gun  burst  under  a  seaol  in 
the  hooping. 


Fig.  152. 


rable  to  transfer  the  Btrain  upon  one  point  to  a  large  resisting 

area.  Several  guns,  reinforced  as  shown 
in  Fig.  151,  >vere  burst  at  Woolwich. 
The  fracture  occurred  in  the  direct  line 
of  the  joint  between  the  hoops.  The 
long  tube  (Fig.  152),  made  from  a  coil, 
like  the  hoops  of  the  Parrott  and  Arm- 
strong guns,  is  for  this  reason  proposed 
by  Commander  Scott,  for  reinforcing  old 
guns,  instead  of  the  sliort  hoops  used 
upon  the  early  Blakely  ordnance,  each 
one  of  which  opposes  to  a  strain  at  any 
given  point  only  the  strength  of  its  own 
sectional  area,  without  aid  from  the 
rest.* 

313.  An  obvious  disadvantage  of  a 
large  number  of  hoops  is  that  the  tranfr- 

I  ^        verse  strength  ofthe  gun  (277)  is  reduced. 

\  N^/  [/        The  resistance  of  the  staves  of  a  gun  to 

pressure  is  like  that  of  beams,  as  the 
squares  of  their  depths,  and  their  stifihess 
is  as  the  cubes  of  their  depths. 

314.  Wire-wound     Tabes.     Mr. 

Longridge's  plan  of  winding  square  steel 

wire  upon  a  tube  with  the  proper  tension, 

has  already  been  referred  to  (93).     The 

method   of  fabrication   was   'Vto   coil   a 

quantity  of  wire  on  a  drum,  fixed  Avith 

its  axis  parallel  to  that  of  a  lathe  on 

which  the  gun  was  placed.     On  the  axis 

of  this  drum  there  was  another  drum,  to 

which  was  applied  a  brake,  similar  in 
68-pounder,   hooped  as  pro-  .      •  -,    .     -n  »     i  .   •    1^      i 

poeed  by  Commander  Soott     principle  to  Frony's  dyiiamometnc  brake. 


*  Hooped  guns  will  be  Airther  referred  to  in  connection  with  the  strains  imposed 
by  unequal  expansion,  due  to  the  heat  of  firing. 
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M  adjusted  ss  to  give  the  exact  teiiaioii  required  for  each  Bucces- 
«ive  anl  of  the  wire.  The  whole  apparatus  wag  extremely  simple, 
and  the  wire  was  laid  on  with  great  regularity.  Indeed,  it  is 
erident  tlie  apparatus  might  be  so  arranged,  as  t^hat  the  process 
would  proceed  with  the  same  ease  and  regularity  as  winding 
thread  f>n  to  a  bobbin,  and  at  the  same  time  with  the  greatest 
aeroracy  as  regards  the  initial  tension." 

SIS*  The  fint  advantage  of  wire,  then,  is  that  it  may  be 
dieaply  put  on  with  the  exact  strain  theoretically  required.  A 
Mnmd  advantage  is  that  there  is  less  waste  material  due  to  want 
of  continuity  (292).  Another  advantage  is  the  superior  strength 
of  the  material.  A  ]>ieoe  of  iron  which  will  bear  a  tensile  force 
o(  So  tons  per  square  inch  in  the  bar,  will  bear  40  tons  |)er  square 
inch  when  made  into  small  wire;  and  steel  M'ire  has  borne  120  to 
13«>  UmA  i«r  square  inch.  Mr.  Bramwell  statei^  that  in  No.  22 
mu^ic-gange  steel  wire  the  strengtli  ran  as  high  as  142  tons 
f31*Mis4i  llw.)  per  square  inch.* 

SIA»  Although  advocating  hoops,  Captain  Blakely  rc(*ogi]izeti 
the  advantages  of  wire,  and  in  the  discushion  referred  to,*  ''  fully 
agreed  that  greater  strength  could  be  obtained  by  the  use  of  wire 
than  in  any  other  maimer.  Indeed,  if  monster  cannon  were  wanted 
— mortam  to  throw  shells  of  several  tons'  weight,  to  a  dit^tance  of 
several  miles,  for  example — recourse  must  be  had  to  wire.  He 
believed  that  such  guns  could  be  made  by  that  f^ystem :  but  he 
diMiblt*d  if  they  could  be  manufactured  in  any  other  ivay.** 

SI 7.  Tlie  first  great  defect  of  wire  is  want  of  longitudinal 
strength.  This  must  be  supplied  by  the  inner  barrel  or  by  M>me 
additional  f>nter  material ;  it  cannot,  as  in  the  cam*  of  hfM>|is, 
de|«nd  on  the  material  that  reinforces  the  barrt*!.  When  it  is 
enofliderrd  that  the  breech  of  the  10^  indi  Amihtning  gun  (446) 
was  blown  out  by  a  strain  intendc<l  for  ordinary  practice,  pulling 
a{«rt  in  the  direction  of  the  fibre,  a  tube  of  wrouglit  inm  :^s  in.  in 
diameter  with  walb  nearly  fl  in.  tliick,  the  nec(*ssity  «»f  avoiding 
longitudinal  weakncM  Ixvomcs  evident.     Mr.  Longridge  pru|Mjscs 

•  "OonAneiiao  <4  ArtOfefr/  ImL  C  &,  1S60. 
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to  supply  this  strength  by  material  outside  of  the  gun  proper. 
Indeed;  he  considers  this  plan  better  for  all  built-up  guns. 

318.  The  second  defect  of  wire  is  the  uncertainty  of  fastening 
it  in  such  a  manner  as  to  prevent  its  uncoiling.*  This  diffi- 
culty becomes  serious  if  the  gun  is  hit  by  an  enemy^s  shot,  and 
dislocated  or  broken  at  various  places.  To  avoid  it,  an  exposed 
gun  must  he  heavily  jacketed,  which  adds  to  its  weight  all  that 
would  be  saved  by  the  superior  strength  and  more  accurate  ten- 
sion of  the  wire.  Mr.  Longridge  fastened  the  wire  in  his  experi- 
mental guns  by  solder,  and  secured  the  ends  by  placing  them  in 
a  hole  drilled  into  the  casting. 

319.  If  the  inability  of  the  Armstrong  gun  to  resist  the 
destructive  effects  of  vibration  is  due  mainly  to  its  great  number 
of  layers — to  its  want  of  homogeneity — irrespective  of  the  low 
elasticity  of  the  wrought  iron  of  which  it  id  made,  then  tlie  wire- 
wound  gun  is  certain  to  fail  from  this  cause.  But  as  far  as  a 
high  degree  of  elasticity  can  remedy  the  detect,  steel  wire  i^  obvi- 
ously the  best  material.  The  practice  is  thus  far  too  limited  to 
warrant  very  positive  conclusions  on  this  subject.  The  ex]ieri- 
mental  wire  guns  already  described  (96 ;  102)  did  not  sliow  any 
remarkable  weakness  in  this  direction ;  but  they  were  very  amaU 
guns. 

A  method  of  placing  the  laminse  of  a  solid  gun  under  the  proper 
initial  strains,  realized  to  some  extent  by  Captain  Hodman  in  hia 
hollow-cast  guns,  will  be  considered  under  the  head  of  Cast  Iron. 

390.  III.  Hoops  with  Tarylnir  elastlolty.  Let  us  now 
suppose  the  hoops  or  tubes  forming  a  gun  to  be  fitted  together 
accurately,  but  without  teneion.  If  the  inner  hoop  ii  very  clastic, 
and  the  next  less  elastic,  and  so  on  throughout  the  series  the 
outer  hoop  being  least  elastic,  and  the  degree  of  elasticity  exac^tly 
proportioned  to  the  degree  of  elongation  by  internal  i)ressun%  all 
the  hoops  will  be  equally  strained  by  the  iH>wder,  and  none  of 
their  strength  will  be  wasted.     Supposing  the  inner  hoop  to  be 


^  This  objection  wms  epecuUly  mentioned  bx  Mr.  Qregorj,  V.  P^  and  Mr.  Jofaa 
Anderaoo,  in  the  discuflskm  referred  to. 
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stjetclied  bv  the  prciwure  ^  inch,  and  the  outer  hoop  jls  inch 
<28c%  the  material  of  the  inner  hoo])  should  have  Auch  elasticity 
that  it  would  be  no  nearer  itA  breaking  ])oint  when  stretched  ^9 
inch,  than  the  less  elastic  outer  hoop  when  stretched  xU  inch. 
B«>th  htM»{i6  would  then  l)e  ecjually  strained  by  the  |M)wder,  and 
c»p]Ki!^  an  eipial  ret^istance  to  it. 

The  di^tim'tion  between  regularly  increasing  elasticity,  v.a  do- 
•ctiIknI,  and  uniftirm  elasticity^  should  l>e  clearly  made.  SupIM>^ing 
bi>th  hiiojis  to  be  capable  o(  safely  stretching  i^  inch,  the  outer 
hoi>p  iA.  in  actual  practice,  stretched  only  1I9  inch,  and  hence 
brings  but  1',  of  its  strength  into  a<*tion  when  the  inner  h<M»p  U 
itret4*hed  to  the  limit  of  safety.  If  the  elasticity  regularly  in- 
treiai'iij  from  tlie  centre  outward,  the  outer  hoo])  is  gtretchcKl  still 
If**  when  the  inner  luHjp  is  at  the  point  of  bursting. 

S9I.  Tliere  are,  at  present,  no  proi)er  materials  having  the 
rf^|**<'tive  ranges  o(  elasticity  nece?v^r}'  to  jwrfei-tly  carry  out  tliis 
prinrijile.  Ihit  if  the  inner  tube  of  a  gun  were  made  of  a  very 
elai^tir  •»t«*cl,  and  tlie  outer  tulie  of  ca^t  iron,  the  relative  strain 
and  i^tn-tcli  would  Ik*  approximately  correi-t,  and  a  small  weight 
of  »te<d  within  the  cast  iron  would  l>e  much  I>ettcr  employed  than 
a  pvater  weight  outi^ide  of  it.  In  the  first  citst»,  the  heat  of  the 
baming  ]Miwder  would,  by  expanding  the  stinl,  and  so  ]»utting 
the  ca**t  iron  into  ten^ion,  com])enhate  for  any  want  of  ei;u«ticity 
in  the  ste(*I,  thus  n*alizing,  t«»  a  certain  extent,  the  udvantugcs  of 
h<if>{iN  with  initial  tension.  In  the  other  cas<%  the  hfat  would 
ftrvtrh  the  steel  reinfon-c  Ix'yond  its  projwr  tension  (thnt  having 
alrv'ady  iMK^n  adju»t4*<l),  and  unc-qually  strain  the  thick  ca^t-iron 
barrel  by  expanding  its  inner  layers. 

SflS.  In  (*asc>  of  the  steel  lining,  the  trunnions  could  Ix*  cast 
with  tin*  riMuforce,  and  the  t«>tal  thickn<»^  of  the  gun  r«»iild  be 
adju«t4*d  to  the  strain  at  all  )MMnts,  without  nM?ntcriii^  angh>.  by 
pn-M-nin;/,  appn»ximat(*ly,  the  Ihihlgn»n  sha]N*.  In  tin*  other 
eaM*,  the  trunnions  (if  the  mnfon*e  was  hmg,  as  the  Engli-h  gun- 
mak4T«  prefer  xi)  wouW  have  to  lie  f  >rg«Ml  n|M»n  a  H»j>:irate  ring, 
and  HM-un«d  at  a  e«>uitiderable  ctr^t,  and  the  exterior  «<f  the  gun 
wuold  lie  a  sericA  of  sharji  angles  and  shtirt  cun-es. 
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The  Bteel  lining  could  be  applied  to  old  guns  without  changing 
their  appointments.*  Applying  a  steel  reinforce  to  an  old  gun 
would  increase  its  preponderance  to  an  inconvenient  or  impracti- 
cable degree,  or  else  require  new  trunnions,  and  it  would  necessi- 
tate alterations  in  the  carriagcf 

*  Such  a  lining  in  a  gun  is  likely  to  prevent  explosive  bursting — the  flying  of  pieoes 
in  case  the  cast-iron  or  steel  shell  fractures.  Captain  Palliser  states  that  he  has  burst 
the  outer  cast-iron  gun  without  bursting  the  inner  wrought-iron  tube  (on  account  of 
its  greater  ductility),  and  that  the  cast-iron  pieces  did  not  fly. 

It  has  been  lately  proposed,  by  Mr.  J.  K.  Fisher,  of  New  York,  to  secure  the 
necessary  difference  in  elastic  range,  by  hardening  the  inner  part  of  a  solid  steel  gun 
in  oil,  or  by  otherwise  tempering  a  solid  gun,  so  that  the  ranges  of  elasticity  in  the 
different  layers  would  be  proportioned  to  their  required  elongation. 

f  The  author  deems  it  just  to  state  that  the  above  was  written  before  the  publica- 
tion of  Captain  William  Palliser's  patent  for  this  improvement,  dated  Nov«  11,  1862, 
and  of  Mr.  M.  P.  Parsons^s  patent,  dated  June  5,  1S62 — a  patent  in  which  Mr.  Parsons 
described  a  structure  by  which  ho  now  proposes  to  carry  out  the  improvement,  but  in 
which  he  did  not  specify  the  principle  of  varying  elasticity. 

Upon  further  investigation,  it  appears:  1.  That  Captain  Palliser  cast  guns  over 
wrought-iron  tubes  as  early  as  September,  1854.  In  a  letter  to  the  Times^  written 
Oc:.  1,  18C3,  he  says:  "Having,  during  the  years  1853  and  1854,  been  engaged  iu 
experimenting  with  elongated  shot  designed  for  smooth-bored  cannon,  I  soon  found 
that  it  was  dangerous  to  fire  such  heavy  projectiles  from  cast-iron  guns  with  full 
service  charges;  and  thus  it  happened  that  my  attention  was  directed,  at  such  an 
early  date,  to  strengthening  those  guns.  I  had,  some  time  previously,  witnessed  the 
manufacture  of  wrought-iron  twist  barrels  at  the  forgo  of  Messrs.  Truelock  and 
Harris,  gunmakers,  of  Dublin,  and  at  the  same  time  was  informed  of  the  great 
strength  that  was  acquired  by  this  mode  of  manufacture.  I  commenoed  my  first 
experiments  in  September,  1854,  by  casting  some  small  cast-iron  guns  over  tubes  of 
wrought  iron  similarly  constructed.  I  found  that  guns  made  in  tliis  manner  were 
enormously  strong,  and,  in  fict,  that  they  could  not  be  burst  by  any  fair  means. 
After  I  had  concluded  these  experiments,  I  constructed  a  model  gun,  which  I  have 
still  in  my  possession,  and  which  was  completed  on  the  10th  of  November,  1854,  as 
the  acoompanyiDg  letter  will  show: 

"  M6  Oatr  Btekict^  Lnccouf's- IiiK-FnLDS,  S*pt  23. 

"  *  Sir, — On  referring  to  our  books,  we  find  that  we  finished  turning  a  model  cannon 

for  you  on  the  10th  of  November,  1854;  the  cannon  was  of  cast  iron,  cast  over  an 

internal  tube  of  wrought  iron. 

"  *We  are.  Sir,  yours  faithfully, 

"  'CLARK  k  CO.,  Engineers. 
u^Cattaxx  Pallisbb.* 

'*Now,  this  model  was  completed  before  any  patent  had  been  taken  out  for  strengthen- 
ing or  constructing  guns  oq  any  method  in  Uie  least  degree  similar." 

Still,  easting  a  gun  over  a  wrought-iron  tube,  although  it  involves  the  principle  of 
varying  elasticity,  involves  also  such  mechanical  difficulties  and  objections,  that  it  baa 
not  been  practised,  even  by  Captain  Palliaer. 
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In  1860,  a  cast-iron  68-pounder  gun  (Fig.  158)  was  bored 
out  and  shrunk  over  a  wrought-iron  tube,  at  Woolwich.  The 
endurance— 71  rounds  with  increasing  charges — was  very  satis- 
factory, seeing  that  the  cast  iron  was  necessarily  warped  and 
strained  by  the  heating.  In  1862,  a  32-pounder  w^as  similarly 
treated,  and  stood  74  rounds  with  increasing  charges.  The 
details  of  the  experiment  are  given  m  Table  XIII. 

S34.  Mb.  Pabsons's  Method.  —  The  principle  of  variable 
elasticity  is  thus  stated  by  Mr.  Parsons  :* — 

"Wrought  iron  may  be  extended  about  '0015  of  its  length 

9.  It  fikrther  appean  that  Captain  Blakely  proposed,  not  verj  f\ill7,  but  quite  dis- 
tinctly, to  strengthen  guns  hy  inner  tubes  of  a  more  elastic  material,  in  a  pamphlet 
entitled  "A  Pew  Remarks  on  the  Science  of  Gunnery,"  published  in  1857.  After 
proposing  to  oonstmct  guns  upon  the  theory  of  deflaito  initial  tension,  as  already 
explained,  and  specifying  several  ways  of  doing  it,  Captain  Blakely  says,  ^^or^  a  mere 
eUutie  material  may  be  put  irUo  a  less  elantie  one,  with  no  iniHal  strain,  or  very  UtUe" 

3.  Captain  Blakely  also  specifies  the  improvement  very  fully  in  an  addition,  dated 
April  4,  1860,  to  his  French  patent  of  Jnne  28,  1855. 

4.  In  January,  1863,  Captam  Palliser  issued,  for  private  circulation,  a  pamphlet 
with  drawings,  explaining,  in  considerable  detail,  the  principle  and  tlie  means  of  carry- 
ing it  out  A  68-ponndcr  cast-u-on  gun  (332)  has  since  been  strengthened  on  hia 
plan,  at  Woolwich,  and  tested  with  great  success. 

5.  In  the  autumn  of  1863.  Mr.  Parsons  issued  an  illustrated  pamphlet  entitled 
'^Gtins  verstts  Armor  Plates,"  explaining  the  principle  aud  his  plan  (patented  before 
Captain  Palliser's)  of  adapting  it  to  service. 

The  three  publications  last  named  will  be  farther  referred  to  and  quoted. 

The  foregoing  facts  are  not  intended  as  an  exhaustive  history  of  the  invention. 
Ofeat  credit  is  due  to  Captain  Palliser  for  obtaining  an  official  trial,  and  for  achieving 
BO  mudi  success  in  strengthening  old  cast-iron  ordnance. 

The  fdlowing  singular  arrangement  of  metals  is  described  in  Simpson's  "Ordnance 
and  Naval  Gunnery,"  1862:  "Mr.  J.  C.  Babcock,  of  Chicago,  suggests  another  way 
of  arranging  the  metal  for  the  spirals,  wmpped  around  the  cast-iron  core,  founded  on 
the  different  expansive  properties  of  metals.  He  recommends  that  the  core  be  of  cast 
iron;  on  this  shrink  a  layer  of  wrought- iron  rings;  these,  with  the  cylinder,  should 
Ibfxn  about  one-half  of  the  thickness  of  the  gun.  Bands  of  steel  should  now  be 
wound  spirally,  in  alternate  layers,  to  the  required  thickness,  reversing  the  winding 
of  each  layer,  so  as  to  break  joints. 

"The  arrangement  of  the  materials  in  the  order  of  their  expansive  properties 
gives  more  work  to  the  exterior  of  the  gun,  for  cast  iron  is  doubly  more  expansive 
than  wrought  iron,  and  wrought  iron  even  doubly  more  expansive  than  steel.  All 
parts  of  the  wall  of  the  gun  would  thus  bear  a  strain  at  the  same  time,  and  there 
oomld  be  no  bursting  by  successive  layers,  as  has  been  shown,  m  an  earlier  portion  of 
this  work,  ia  the  case  with  a  cast-ivon  gun  where  the  expansive  capacity  of  the  wall 
is  ooBStant  throughout  the  entire  thickness.'' 

m  '^Guna  veraua  Armor  Plates,  etc.,'*  1863. 
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without  injury  to  its  elasticity,  and  it  requires  a  strain  of  about  14 
tons  per  square  inch,  or  about  J  of  its  ultimate  breaking  weight 
to  effect  this. 

"  Cast  iron  is  permanently  injured  if  stretched  from  about  '0004 
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68-pounder  shrunk  over  wrought-iron  tube,  at  Woolwich,  1860. 

to  '0005  of  its  length,  which  is  effected  by  a  strain  of  about  i  of 
its  ultimate  breaking  weight,  or  from  2^  tons  to  4  tons  per  square 
inch.  Therefore,  wrought  iron  may  be  stretched  three  times  as 
much  as  cast  iron,  and  will  offer  from  three  and  a  lialf  to  six 
times  the  resistance  to  the  force  applied,  within  the  limits  of  elas- 
ticity. 

"  Now  the  strain  on  a  gun  is  greatest  on  the  metal  at  the  rein- 
force immediately  surrounding  the  bore,  and  gradually  decreases 
towards  the  exterior  where  it  is  least,  the  strain  on  any  particular 
circumference  or  layer  being  inversely  as  the  square  of  its  diame- 
ter. It  is  therefore  evident  that  if  the  wrought  iron  is  placed 
inside,  and  the  cast  iron  out,  they  will  each  be  arranged  in  the 
best  position  to  sustain  the  strain  without  injury,  and  an  investi- 
gation of  the  relative  extensions  of  both  under  strain,  will  show, 
that  in  this  position  the  two  metals  will,  if  properly  proportioned 
as  to  size,  work  together,  and  each  sustain  its  proper  tensile 
strain,  without  being  subjected  to  any  initial  tension,  and  conse- 
quently without  the  risk  and  uncertainty  of  the  correct  amount 
being  applied." 

S3tS«  This  method  proposed  by  Mr.  Parsons  of  strengthening 
a  68-poimder  cast-iron  gun,  is  illustrated  by  Fig.  154.    He  says : 
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"  A  conical  recess  of  the  form  Bhown  w  bored  out  of  the  breech 
end  of  the  gun,  and  a  tube  of  wrought  iron  is  turned  and  fitted 
into  the  recess,  and  secured  in  its  place  by  the 
breech-plug.  In  guns  of  this  size,  I  recom- 
mend the  lining  tube  to  be  made  up  of  an 
inner  tube,  surrounded  by  hoops  or  tubes, 
shrunk,  forced,  or  screwed  on,  and  then  turned 
to  the  proper  size.  The  lining  tube  has  a 
breech-plug  of  its  own,  which  is  for  the  pur- 
pose of  preventing  the  explosive  gases  getting 
between  the  end  of  the  lining  tube  and  the 
breech-screw,  and  by  acting  on  its  larger  area 
endangering  its  security.  It  is  not  requisite 
for  the  lining  tube  to  be  forced  into  the  recess 
made  in  the  reinforce  of  the  gun,  in  order  to 
produce  an  initial  strain  on  it  and  the  cast 
iron  (as  will  be  shown  by  the  calculations  of 
its  strength),  all  that  is  necessary  is  to  make  it 
a  fiur  and  easy  fit,  but  its  length  is  so  adjusted, 
that  by  screwing  up  the  breecli-screw  it  may 
be  compressed  longitudinally  lietween  it  and 
the  shoulder  of  the  recess  by  which  tlie  entire 
longitudinal  strength  of  the  cast  iron  is  im- 
parted to  it.  *  *  *  Again,  the  strain  is 
considerably  greater  at  the  breech  end  of  the 
bore  than  on  any  other  portion  of  its  length, 
the  pressure  of  the  explosive  gases  being  but 
about  one-fourth  when  the  projectile  has 
reached  a  distance  of  about  4  times  that  occu- 
pied by  the  powder  of  the  charge,  so  that  it 
will  be  only  necessary  for  the  lining  tube  to 
extend  about  this  distance.^' 

S96.  It  would  appear  safer,  however,  in 
view  of  the  known  weakness  of  breech -load- 
ing gansy  to  allow  the  lining  tube  to  extend  the  whole  length  of 
the  gun.    TJnnecesBary  strength  at  the  muzzle  is  better  than  want 


SS-pounder,  strength- 
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of  continuity  and  homogeneity  at  the  seat  of  the  maximum 
pressure.  An  objection  to  extending  the  tube  to  the  muzzle 
of  the  gun  is,  that  the  cast  iron  would  there,  being  bored  out 
to  a  mere  shell,  possess  little  resistance  to  the  enemy's  shot. 
But  in  turrets  and  modern  casemates,  a  gun  is  little  exposed. 
Indeed,  the  greater  part  of  the  cast-iron  chase  might  be  removed 
entirely  without  weakening  the  gun,  thus  allowing  the  use  of 
smaller  embrasures.  Captain  Palliser,  it  will  be  obt»erTed  (329), 
allowed  the  internal  tube  to  project  beyond  the  old  cast-iron  muz- 
zle, thus  securing  the  additional  advantage  of  greater  length  of 
bore. 

S97.  Mr.  Parsons  makes  the  following  calculation  of  the 
strength  of  an  ordinary  cast-iron  68-pounder,  and  of  the  same  gun 
strengthened  as  shown  in  Fig.  154 : 

Tabli  XLEL— "CALOULAnoir  or  the  Strcnoth  or  an  OnmiABr  Sanca 

68-POCNDBB  CaST-IBON  OuN. 

Transverse  Strength  at  Reinforce. 

DUmctnr  of  bore t  incbci. 

Otttfide  diameter 26  iacbes. 

'^  Supposed  to  be  divided  into  9  rings  or  layers  each  1  inch  thick. 
The  first  ring  being  strained  to  the  full  amount  of  its  elastic  limit, 
taking  a  unit  in  length  of  1  inch,  we  have: 

Inch.  SIdM.  8q.  la.  ToMi      THmm^ 
ill  Layer.. i    x   i  =:  i   x   4  =  S-oo 

iBTCrtttlj. 

id  Layer  at 8*  :  S  t  1  10*  :  5*ia 

3d       do «*:«::  ll*  i  3. 56 

4tii     do.     8*  t  S  :  :  14*  :  161 

sell     do.     S*  I  8  1  s  16*  :  100 

6th     do 8*  I  8  :x  i8*  :  158 

yth     do 8*  I  8  :  :  ao*  t  i-»8 

8th     do.      8*  t  8  t  :  11*  :  I -06 

9th     do 8'  t  8  t  t  14*  I  -89 

TVanrvcric  ftrength  of  a  ttnit  in  length  of  1  loch Tons.... .16- 10 

Tona^ 
»6'io 

and  =  )  -16  Tom  =  Tranrverfc  ftrenfth  per  each  r<|aare  inch  of  the  hore. 

8  in.  diameter  of  bore. 


RK8I8TANCE  TO  ElASHC   PR£88URE.  273 

Longitudinal  Sirenglh. 

Aam  af  »6  iacWt  (vmAU  diameter)  —  area  of  %  iochet  (4iaflMfier  of  bofc)     • 

8q.la.     S-hi.     HIB-    Toaa. 
=:   530  ~   50  =  4to    X    4  =1910  Ton*,  aa4 
1910 

=  3S  '4  Tom  =  loBficttdinal  ftreaith  per  each  f^aata 

r<|.  ia.  50  aiea  of  bofc 
tecH  afclM  area  aftW  baia.** 

TaMLB  L.— *'CALCVLATIOy  OF  TU  STBBIIOm    OF  THK  SAMB  M-POCXDBE  OaST-UOV 

Om,  nsBVOTBmD  bt  a  Wbocobt-Ikon  Likiko  Tubk. 

"^In  putting  together  the  lining  tulie  of  the  Htrcngthened 
6H.pc>under  gun,  the  outer  rings  are  shrunk  on  to  tlie  niner  tube, 
and  their  sizes  so  adjusted,  that,  by  contraction  of  the  outer  rings 
in  ctMiIing,  there  will  be  an  initial  tentdle  strain  e()ual  to  about 
half  the  elastic  limit  of  the  metal,  which  will  produce  a  neariy 
r«jfTe»|N»n<ling  amount  of  compression  on  the  inner  ring,  so  that 
when  tlie  inner  surface  of  the  inner  ring  is  strained  t4)  the  full 
extent  of  its  elantieity,  the  inner  surface  of  tlie  outer  ring  will  be 
equally  strained. 

**  FoHowing,  then,  the  same  method  of  calculation,  and  dividing 
the  gon  into  imaginary  layers  1  inch  thick,  as  before,  we  have: 

Lining  Tube — Tranm>^rrnf  Strength. 
Tint  ring 


S(|.Ui.    Tmni         Tm& 
ift  Laftr.. I    X    i=r»    X    i4=xS-oo 

T»WL 

%i  Laftrat t*  1  xS  t  :   10*   t    I7'9S 

Seoond  ring 

lack  S14M.  S-<»>   Toaa.        Tm& 
ift  Lajar. I    x    2   -=   2    jr    14  —  2S-oo 

Tf>M. 

%i  Layvf  M. 12*  :  xS  t  :   14*    :    2057 

Tiifiiifi  imftb  af  a  ask  ia  leafcll  of  1  inch  of  lining  take — Tom..94  -49 

18 
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**  Cast-iron  Casing, 

^^When  the  interior  of  the  lining  tube  is  strained  to  its  elastic 
limit,  which  will  extend  it  about  *0015  of  its  length,  the  relative 
extension  of  any  layer  being  inversely  as  the  square  of  its  diameter, 
it  follows  that  the  extension  of  the  outer  surface  of  the  lining  tube 
at  the  same  time  will  be  inversely,  as  8' :  0015  ::W:  -00088, 
or  nearly  -0004,  and  the  lining  tube  being  inserted  into  the  breech 
a  fair  fit,  without  any  material  initial  strain  being  put  on  either 
it,  or  the  cast  iron  encasing  it,  the  extension  of  the  interior  surface 
of  the  cast  iron  will  be  the  same,  or  nearly  the  same,  as  the  exte- 
rior of  the  lining  tube. 

"Now,  with  an  extension  of  about  -00042,  cast  iron  is  strained 
to  about  the  full  limit  of  its  elasticity;  or,  taking  the  same  coeffi- 
cient as  before,  to  about  4  tons  per  square  inch,  and  continuing 
the  calculations  of  the  cast-iron  cylinder  of  the  reinforce  on  the 
same  system,  we  have: 

Transverse  Strength. 

iM.    Sldat.  Sq.tB.  Tom.      Tom. 
ill  Layer ixi  =  iK4=t*oo 

Tons. 

id  Layer  «•«. i6*  t  S  :  :  i8*  i  6-%% 

3d       do 16*  I  S  :  :  10'  I  $'t% 

4th     do. 16*  :  S  :  :  12'  :  4'13 

5eh     do.     ^ 16'  t  t  t  t  14*  s  3-56 

Toitt.....i7*i3 
Add  ftrcngth  of  lining  tube 94*49 

Tnnfverfe  ftrength  of  a  nnit  in  Icagth  of  t  inch Toot...iai  -ya 

TOIML  Tott^ 

121*71 

and  =  I5*»i  =  TranTvcric  ftrmfth  per  each  fi|ttarc  Inch  of  dw  bore. 

t 

Longitudinal  Strength. 

"The  longitudinal  strength,  taking  the  section  through  the 
weakest  part  of  the  cast-iron  shell,  vrill  be: 
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toi.  Ib^      8^  Int.     Bq.lBaw0q.lML 

Aim  of  13  —  an»  of  ii  =  41$  —  113  =  30s 

Bq.lML    Too*.      Tooc  Toul 

iioS 

atU  301    X   4  =   laoS  and  =:  14*16  Tom 

fq.  int.      50  area  of  bofc 
-=  tufffdi—l  ftmi|th  per  each  fquare  inch  in  the  area  of  the  bore. 

*"*  ThL)  i«  not  taking  credit  for  any  longitudinal  strengtli  derived 
fh»ui  the  lining  tube;  m>  that  the  strengthened  gun  hIkiwa  a 
strength  nearly  five  tinie«  aa  great  aa  the  same  gun  in  it8  ordinary 
state. 

**To  effect  this,  about  13^  cwt.  of  wrought  inni,  made  into  a 
coiled  tube  and  ring»,  and  about  6  cwt.  of  cant  iron  will  be 
required.^ 

99H.  Captain  Paluher^s  Method. — In  hia  patent  dated  No- 
veml»er  11,  1H62,  Captain  Palli^er  thus  states  the  principle  of 
%-ar}  ing  elantiinty :  **  My  general  principle  for  the  construction  of 
ordnance  c«>nsistA  in  forming  the  barrel  of  i*oncentric  tulies  of  dif- 
ferent metalift  (»r  of  the  same  metal  differently  treated,  so  that,  as 
oeariy  ma  pij««ible,  owing  to  tlieir  reft|>ective  ranges  of  elasticity, 
when  ime  tul»e  in  on  the  iK)int  of  yielding  all  the  tul>es  may  )m*  on 
the  |Miint  of  yielding.  It  thus  differs  essentially  from  the  method 
hitlu'rto  pre%'alent  of  equalizing  strains  on  concentric  tubes  by 
plaring  an  initial  or  iK*nnanent  strain  on  the  exterior  ones.  Since 
the  |Miwer  of  any  sutistance  to  resist  an  impulsive  strain  is  meas- 
nrtil  by  the  product  of  the  n*sistance  it  offers  while  stretching  into 
the  di<»tance  thn>iigh  which  it  can  stretch ;  and  sin<*e  the  interior 
snrfacv  of  a  gun  stretches  most,  it  will  folloii'  that  an  extcuMblo 
siiWtan<*e  at  the  interior  of  a  gun  will  offer  the  greatest  resiHtaiu-e 
to  tlie  impulsive  pressure  of  the  disc^harge,  while  it  ii'ill  evoke  the 
gnmU'^t  amount  of  ast«istaiice  from  the  exteritir  portions  of  the 
gun ;  I  therefore  make  the  interior  of  the  ImutcI  of  a  tul>e  of  the 
nM»4  ductile  wrought  inm  <*oiled  round  a  mandrel,  so  that  the 
grain  nr  fibres  of  the  inm  may  run  circumferentially  or  spirally.** 

There  appears  to  bo  S4»me  cimfusion  of  terms  in  this  s|N*cifica- 
tion.     A  wroogfat-iron  tube  does  not  aooomplish  the  puqNJue  spe* 
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dfied  because  it  is  very  ductilej  but  because  it  has  a  high  range 
of  elasticity^  i.  ^.,  because  it  stretches  to  a  comparatively  great  dis- 
tance before  its  ductility  is  called  into  action — before  it  reaches 
the  limit  of  its  elasticity.  Ductility  involves  the  idea  of  perma- 
netU  change  of  figure ;  in  fact,  the  ductility  of  wrought  iron  is 
utilized  in  another  way,  by  Captain  Palliser;  and  his  obvious 
meaning  is  explained  by  reference  to  his  pamphlet.* 

549.  Since,  in  practice,  the  elasticity  of  the  wrought-iron  inner 
tube  is  not  proportioned  to  its  greater  elongation,  it  has  been  found 
necessaiy  to  supply  the  deficiency  by  putting  it  under  slight  com- 
pression, so  that  it  can  stretch  to  a  greater  distance.  This  com- 
pression is  given  in  the  Blakely  guns  constructed  on  this  principle 
(60, 61)  by  shrinking  the  tubes  together.  Captain  Palliser  accom- 
plishes it  by  permanently  stretching  the  wrought-iron  tube  while 
it  is  within  the  cast-iron  tube,  by  means  of  heavy  proof-charges. 
He  alse  proposes  tapering  the  tubes  and  forcing  them  together  by 
a  screw,  as  ^own  in  the  engraving  of  his  gun.  Figs.  155  and  156. 

550.  When  the  elastic  limit  of  wrought  iron  has  been  exceed- 
ed, and  it  has  acquired  a  permanent  elongation,  it  will  '^  set^"  no 
farther  by  a  repetition  of  the  same  strain.  This  was  found  to  be 
the  case  by  Mr.  Edwin  Clark,  in  case  of  the  chains  for  raising 
heavy  weights,  and  by  Captain  Palliser,  who  tested  it  at  follows : 
^  I  constructed  a  tube-gun  which  was  1^  in.  diameter  of  bore,  and 
threw  a  1^  lb.  cylindro-conoidal  shot.  The  tube  was  accurately 
fitted  into  the  gun  to  within  1  inch  from  the  bottom,  and  was 
screwed  home  with  ease  by  means  of  the  nut  at  ttie  muzzle.  I 
fired  a  series  of  charges  increasing  in  severity  from  this  gun,  and 
after  each  discharge  I  took  out  the  tube  and  examined  it.  After 
the  last  and  most  severe  discharge,  I  found  that  there  was  M>nie 
power  required  to  unscrew  the  nut,  owing  to  the  tube  having  be- 
come slightly  jammed.  I  then  reinserted  the  tube  and  ground  it 
back  to  its  place  as  before,  with  fine  emery  and  oil.  On  using 
the  same  charge  in  the  gun  as  that  which  had  previously  enlaiged 
the  tube,  I  found  that  it  produced  no  farther  effect  on  tlie  latter, 

^  "A  Tiwtlw  on  Oompound  (Mauaob,**  18SX 
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which  cmn  be  taken  out  and  reinserted  with  the  fvame  ease  aa  at 

SSI.  Captain  Palliser'B 
pamphlet  thiiK  describes  the 
principles  and  construction  of 
hii*  gnn :  **  Tlie  manner  in  which 
I  pn>poee  to  t^tisfy  the  eondi- 
tionit  already  ennnciated  is  by 
intrtidacing  into  the  cast-iron 
gnn  a  barrel  or  hollow  cylinder 
of  coiled  wrought  iron,  of  such 
thickness  in  proportion  to  its 
calibre  that  the  residual  strain 
borne  by  thU  tube  shall  bear  a 
relation  to  the  strain  it  trans- 
mits to  the  surrounding  cast 
inm  which  shall  be  most  suit- 
ably pn>{M>rtioned  to  their  re- 
•pefiire  elasticities.  The  precise 
prr»fKirtions  will  depend  on  va- 
rions  circumstances;  the  exces- 
«Te  expansion  of  wrought  iron 
doe  t4>  hc^at,  aLM>  the  greater 
range  tietween  the  limits  of 
elasticity  and  rupture  of  tliis 
mc^l,  and  that  the  cast  iron 
will  have  to  df>  nearly  all  the 
lonieitudinal  work.  I  shall  pres- 
ently show  that  by  varying  the 
thickness  of  the  tube  we  can 
regulate  the  transmitted  strains 
to  the  grfati*st  nicety.    *    •    ♦ 

**The  mechanical  method  by 
whieh  I  propoM«  to  insert  the 
tube  is  by  making  it  very 
•lightly  taper  and  placing  it  in  the  gun,  who^e  bore  is  tapered 
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correspondingly:  as  Boon  as  the  tube  comes  into  contact  with 
the  gnn  throughout  its  length,  a  screw  washer  round  the 
muzzle  will  screw  it  home  into  its  place.  Since  tlie  amount 
of  taper  as  well  as  the  distance  the  tube  is  driven  bj  the  washer, 
is  known,  and  that  the  increment  or  decrement  in  ca^t  or 
wrought  iron  due  to  any  pressure  is  also  known,  we  shall  in  this 
nutnner  be  able  to  measure  most  accurately  the  strain  ]>laced  on 
the  cast-iron  outer  gun. 

"  This  tube  may  in  the  larger  guns  be  divided  into  two  or  more 
concentric  tubes,  and  these  may  be  forced  one  over  the  other  in 
such  a  manner  that  the  work  done  by  each  tube  may  be  equal- 
ized ;  and  a  third  tube  made  of  some  suitable  steel  for  a  part  of 
its  length  placed  firmly  over  these.  The  distance  of  the  inner 
surface  of  this  tube  from  that  of  the  gun  will  be  fixed  by  its  elas- 
ticity, or,  in  other  words,  the  thickne^  of  the  interior  tubes  will 
depend  on  the  elasticity  of  the  steel  tube. 

'^  In  the  very  largest  guns  I  should  wish  the  innermost  tube  to 
be  constructed  of  the  softest  and  most  ductile  wrought  iron,  such 
as  Bradley  (L)  charcoal  iron ;  the  next  might  be  of  a  stronger  and 
harsher  nature ;  and  the  third  of  steel  for  some  distance  from  the 
chamber.  These  tubes  may  merely  fit  each  other  accurately,  and 
the  whole  tube  be  fired  with  a  charge  equal  to  any  that  the  gun 
when  completed  will  have  to  witlistand.  Tlie  tube  will,  during 
this  proof,  abut  against  some  substance  to  prevent  the  breech 
blowing  off.  The  bore  of  the  inner  tube  will  bo  found  to  be  veir 
slightly  enlaiged.  Tlie  tube  will  now  be  rebored  up  to  the  proper 
size,  rifled,  and  placed  in  the  gun.  The  tubes  will  be  found  to 
have  become  immovably  fixed  in  each  other,  and  thus  a  useful 
strain  will  be  placed  on  each.  This  strain  or  set  in  the  inner  tube 
will  never  be  increased  by  an  equal  chaige,  even  were  tlie  tube 
not  placed  in  the  gun." 

SS9*  The  68-pounder  (8-inch)  cast-iron  gun  first  strengthened 
by  Captain  Palliser  (Fig.  155)  was  bored  out  to  13  in.,  and  received 
a  wrought-iron  tube  (Armstrong  coil)  of  9  in.  bore  and  2  in. 
thickness. 

It  was  tested  in  the  usual  way — 10  rounds  with  cylinders  of  68 
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Ibft.  weight  and  the  fiervice-chai^  of  16  ll>8.,  10  roiinda  with  cyl- 
inden  of  136  lbs.,  &c.  It  rcsii^ted  the  100  rounds  with  cjlinde» 
increMed  bjr  the  weight  of  1  shot  every  10  rounds,  and  afterwards 
bant  at  the  7th  round  with  double  charges  and  single  cyliaden. 

Captain  PalliaerV  second  gun  had  an  internal  steel  tube  and 
a  wnmght-iron  tube  ))etween  the  steel  and  the  cast-iron  shell. 
The  wrought  iron  of  course  yieldcMl  I)ey(»nd  the  capacity  of  the 
•tevl  to  stretch,  and  the  gun  burst  at  the  fiivt  round.* 

Early  in  the  year  ISiM^  a  10  in.  cast-iron  8holl-gtm  which  had 
been  rejected  as  worn  out,  w&t  strengthened  tm  thin  ])lan  by  the 
introduction  of  two  wrought-inm  coiled  tubes — bore  was  6^  in.  It 
was  tested  with  increasing  charges,  and  burst  at  the  81st  round 
with  a  612  lb.  cylinder  and  16  I)>t;.  c»f  ]N>M'der.  Other  guns  on 
Captain  Palliser^s  plan  are  in  process  of  construction  at  Wool* 
wicb. 

Cavtaiv  Blakely's  Mbtiiod. — In  the  addition,  dated 


PlO.   15t. 


IBsktly's  bcMcb^loMUnf  fua,  with  faiterul  stm^thMiinK  tulm. 

Aprfl  4,  1860,  to  his  French  Patent  of  Juno  2rt,  18:>5,  Captain 
Blakely  thus  explains  the  principle  of  varying  elasticity : 
**I  sometimes  form  the  internal  tube  or  part  of  it  <»f  wrought 


^  Tbs  ob|t(t  of  thU  ftmrtnietioii,  tf  It  vm  not  to  demotuitrAt^  tno  rmatn  fiiiur* 
f/ilitlillll  ttom  fhm  priaopte  kid  doim  b^  Oipuiii  Palli^r.  csn  hanllr  \m-  mitmntrd 
far.  la  siM«tMNi  to  int  Imprnptr  srrmiignMfit  nf  the  oistcriaU  with  n-ff  rvu  t>  to  Uieir 
>i— tWntT  aftd  di»rtiljty.  X\^  tioitnr^m  of  t).«  wn>uirht  iron  r«odtr»d  it  peri«ctlj  unfit  to 
» torn  tiM  itMl  to  tbo  OMi  iron. 
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iron  or  steel  (by  preference  in  welded  spiral  coils)  or  of  braas— or 
of  brass  or  iron  or  steel  covered  with  coils  of  wire — and  I  some- 
times cast  on  the  outer  tnbc  after  wanning  the  inner,  and  some- 
times foTi'ie  it  on  cold,  making  the  exterior  of  the  inner  tube 
slightly  conical.  Sometimes  the  inner,  and  sometimes  the  outer 
tube  only  extends  a  short  distance  from  the  breech.  The  outer 
tube,  when  it  forms  the  principal  part  of  the  gun,  I  prefer  to  make 
of  rolled  iron  or  steel,  with  the  fibres  laid  longitudinally. 

"  Breech-loading  cannon  I  make  with  the  screwed  breech-plug 
hollow  open  to  the  front  and  closed  behind.  It  thus  adds  to  the 
circumferential  strength  of  the  gun.  I  prefer  to  make  this  plug 
taper  towards  the  front  for  facility  of  putting  it  into  its  place. 

"The  annexed  drawing  (Fig.  157)  shows  a  section  of  a  gun  thus 
built.  A  is  the  hollow  breech-plug,  B  B  an  internal  tube  which, 
being  compressed  by  the  tube  C  C,  which  forms  nearly  the  whole 
gun,  adds  much  to  its  strength.  The  amount  of  the  compression 
must  depend  on  the  kind  of  metal  used  and  on  tlie  thickness  of 
the  inner  tube.  I  have  found  by  experiment  that  when  the  inner 
tube  is  one-third  as  thick  as  the  diameter  of  the  bore,  its  outer 
parts  are  only  strained  about  one-third  so  much  as  its  inner  parts, 
and  when  two-thirds  as  thick  as  the  bore,  then  the  outer  parts  are 
only  strained  one-seventh  as  much  as  the  inner.  I  therefore  tn* 
how  much  the  material  of  both  tubes  can  be  stretched  without 
injury  and  adjust  the  size  of  each  tube,  so  that  before  the  inside 
of  the  inner  one  is  fiiUy  strained  the  inside  of  the  outer  one  shall 
be  so.  If,  for  example,  the  inner  tube  be  6  inches  in  lM>re  and  S 
inches  thick,  and  made  of  coils  of  good  steel  which  will  stretch  1 
in  300,  then  I  know  that  when  the  inner  diameter  of  the  tube  ih 
stretciied  to  (»/y  inches,  the  outi^ide  will  only  be  stn>tclic<l  to  K^^'^ 
inches.  If  now  the  outer  tube  l)e  made  of  the  same  steel  1  i:t  with 
the  fibres  laid  longitudinally  so  that  it  can  only  stretch  say  one  in 
600,  then  I  make  its  inner  diameter  9*995,  so  that  when  it  be- 
comes lO^V  it  shall  be  fully  strained.  D  D  is  i^  ring  bearing  the 
trunnions  also  adding  strength  to  the  gun  as  does  the  ring  £  £,  to 
which  is  attached  a  sui)port  for  the  breech-plug  when  withdrawn 
fh>m  the  gun.    A  hole  through  the  plug  will  admit  of  the  ]H>wder 
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being  ignited  by  suitable  means.    I  prefer  a  needle  to  strike  deto- 
nating powder,  as  L)  now  much  practit^nl  for  small  arms.^ 

SS4«  Tbe  manner  in  which  Captain  Blakel  j  at  present  utilizes 
the  varying  elasticity  of  metal^  by  combining  it  with  the  system 
of  initial  tension,  has  already  been  described  (59,  60).  Fig.  158  is 
a  9  jn.  gun ;  tlie  inner  tul)e  iii  made  of  a  highly  elastic  steel,  the 
second  tube  of  a  less  elastic  steel,  and  the  outer  jacket  of  cast  iron 
which  is  least  elastic.  The  deficiency  in  elasticity  of  the  inner 
tabes  i«  mmpensated  by  shrinking  all  the  tubes  together  with  a 
alight  initial  tension. 

Sbctxioh  II.    The  Eftvctb  of  YmRAiioH. 

9S8*  Both  the  means  above  considered,  of  increasing  the 
renstance  of  a  gun  to  mere  pressure,  are  perfected  only  in  propor- 
tion to  the  number  of  separate  tubes  or  layers  employed.  But 
increasing  the  numlier  of  parts,  les^^ns  the  resistance  of  a  body  to 
another  effe<*t  of  strain,  e^l^aIly  of  sudden  Btrain. 

If  a  thick  armorplate,  com]M>sed  of  layers  ]>la(*ed  in  close  con- 
tart  but  not  fa.-*tened  nor  wcldc<l  t4)gether,  is  struck  by  a  shot,  two 
kinds  of  motion  will  be  iniparttHi  by  the  shot.  The  oWrved 
freult  will  be  (supposing  for  the  moment  that  the  figure  of  the 
parts  Lh  not  permanently  change<lK  that  if  the  ]>late  is  1<X)  times 
heavier  tlian  the  shot,  and  the  Ji«>t  has  a  vchn^ity  of  Kkh)  fwt  per 
iecond,  the  plate  will  lie  niove<l  InkHIv  at  the  rate  of  10  feel 
per  ierf>nd.  But  before  this  cN*curs,  the  whole  forf*e  of  the  f^hot 
will  have  been  C4»mnianicat(*<l  through  the  mass  fnmi  one  layer  to 
the  other,  by  a  wave  moving  at  alM>ut  the  vel(K*ity  of  S4iund.  The 
layer  struck  will  be  tor  an  in^tant  n*<lucc(l  in  thickn4»^s  and  ex- 
tended  in  its  other  dimensions.  When  it  n*c<»vcr»  its  original 
flgnre  by  its  elasticity,  it  will  in  turn  compn*->s  the  next  layer,  and 
io  cm,  antil  the  last  layer  receives  the  hli4N*k.  Wlien  this  last 
layer  i4  compressed  (Its  inertia  tends  to  hold  it  in  place  until  it  u 
f«mi{>ressed)  it  is  then  in  the  condition  of  a  hpring  pn-^ing  (^^jually 
in  both  directions,  and  resii«te<l  by  a  heavy  nla^s  on  one  side,  but 
by  only  its  own  weight  on  the  other;  si  that  it  jtmi|K  violently 
Cf>  the  rear.     Bat  if  the  layers  were  welde«l  together,  tliis  ten* 
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dency  to  separation  would  be  overcome  by  the  cohesion  of  the 

metal. 

This  phenomenon  occurs  when  a  gun  is  fired.     The  shock  is 

propagated  from  layer  to 
layer,  in  a  wave.  If  the 
layers  are  already  detached 
tubes,  the  outer  one  has 
no  help  from  the  rest  in 
resisting  vibration.  Of 
course*  the  shock  on  the 
outer  layer  is  not  as  great 
as  the  first  shock  upon 
the  interior,  because  it  has 
been  distributed  over  more 


space, 


and  diminislied  in 


Bbkelj  9-inch  high  and  low  steel  nod  OMi-iroo 
gun.    Soele,  ^(  in.  to  1  (t 


overcoming  the  ductility 
of  the  interior.  The  ob- 
vious method  of  modify- 
ing the  effect  of  the  wave 
of  strain  upon  the  outer 
layer,  is  to  give  it  tnass^ 
and  hence  great  inertia. 

But  in  case  the  outer 
tube  is  in  high  initial  ten- 
sion, this  efiei*t  of  \nbra- 
tion  is  probably  much 
aggravated.  The  initial 
tension  of  tlie  outer  tube 
certainly  increases  the  re- 
sistan(*e  of  the  whole  series 
of  tubes  to  a  statical  inter- 
nal pressure,  but  its  »Wi- 
vidnal  resistance  to  strain 
is  lessened,  and  it  opposes 
only  its  individual  redst- 
anoe  to  the  wave  of  strain. 
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These  (mctA  woald  appear  to  acooant  for  tbe  failure  of  manj 
enter  talics  of  the  Armstrong  guim — of  the  300-poander,  for 
instance — tubes  which  are  understood  to  be  put  on  with  less  ten- 
sion, even,  than  that  required  by  statical  procure  alone. 

In  addition  to  this  instantaneous  wave  of  strain,  otlier  vibra- 
tions, like  tho«o  of  musical  stringn,  undoubtedly  take  place  in  the 
pieces  of  a  gun,  and  these  vibrations  are  unequal,  being  propor- 
tioned to  the  size  and  tension  of  the  partj^.  It  ii  known  in  engi- 
neering, that  fractures  are  likely  to  <iccur  where  parts  under 
Til>rmtion  suddenly  increase  in  size ;  for  instance,  where  the  plates 
€»f  a  boiler  overlap. 

The  cliaracter  and  circumstances  of  the  failure  of  hooped  guns 
are  too  indefinitely  understood,  at  pn^ent,  to  warrant  any  very 
positive  eoncluflons  on  the  subject ;  but  it  is  certainly  reasonable 
to  suppose  that  tlie  building  up  principle  may  lie  carried  too  fiu- — 
that  there  must  be  a  certain  amount  of  mas^  and  continuity  of 
■tracture  to  resist  waves  of  force  and  vibration,  as  well  as  a 
certain  division  of  parta  to  resist  statical  pressure. 

SEmoK  in.    Thk  Eptbits  of  IIkat. 

SS#»  The  heat  of  gunpowder  when  exploded  witlun  its  original 
volume,  is  entimated  to  be  about  70(K)^  Falir.  Exactly,  or  even 
approzimately,  what  tlie  temperature  in  a  gun  is,  and  how  long  it 
acts  on  tlie  walls  of  the  gun,  has  not  been  ai«4*ertaine<K  but  in  the 
case  of  riilod  guns,  especially  when  the  inertia  and  friction  of  the 
pn>jectile  are  great  while  the  area  pre>f>c*d  U|>on  is  smalK  there  L^ 
oliviously  an  excessive  temperature,  and  an  appreciable  time  for 
the  reception  of  heat  by  the  surrounding  metal.  Tlie  heat  of  tli« 
exploded  gas  may  be  felt  outside  a  thin  field-gun  immediutc', 
after  the  fin^t  discharge. 

Whatever  heat  there  may  be,  exj>andii  tlie  interior  of  tlie  gur, 
and,  if  the  walls  are  witliout  strain,  it  puts  the  interior  into  e<im- 
pTHttion,  and  the  exterior  int4>  tension,  thus  strengthening  thr 
piece,  up  to  a  certain  point  When  a  gun  is  ca^t  or  forged  solid, 
and  therefore  left,  by  the  quicker  cooling  of  the  exterior,  in  a 
I  ijteHtmal  compression  (364),  the  heating  of  the  interior,  by 
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SHcnoK  I.    Elasticitt  Ain>  Ducnurr 

S40.  Elasticity.  It  has  long  been  known  that  the  ultimate 
tenacity  of  metals  is  only  an  approximate  indication  of  their  safe 
working  load.  All  metals  used  for  cannon  have  an  appreciable 
elasticity,  but  the  range  of  this  elasticity — the  extent  to  which 
they  may  be  elongated  by  pressure  before  permanently  changing 
their  figure — is  very  diverse  for  different  metals,  and  very  indefi- 
nitely determined  for  all. 

The  use  of  elasticity  is,  that  it  allows  space  for  the  power  to  act 
in,  without  permanently  stretching  and  thus  injuring  the  metaL 
Upon  the  application  of  any  force,  metal  having  no  elasticity 
would  either  permanently  stretch,  or  else  it  would  instantly  break. 

341.  Elastic  Ldctt  of  Metals. — There  is  no  doubt  that  iron, 
in  all  forms,  has  some  positive  elasticity — that  it  will  resume  ita 
figure,  when  strained  to  a  certain  extent,  so  nearly,  that  for  all 
practical  purposes  its  elasticity  may  be  called  perfect.  Mr.  Col- 
bum  says  on  this  subject,  in  his  valuable  pa]>er  before  the  Society 
of  Engineers:*  "It  is  commonly  held  that  within  certain  limits  of 
strain,  iron  is  perfectly  elastic.  No  matter  how  often  it  may  be 
stretched  or  deflected  up  to  a  certain  point,  the  general  l)elief  is 
that  it  will  come  back  to  its  ori^rinal  form  cverv  timi'  the  load  is 
taken  off.  Tliere  are  high  authorities,  however,  who  maintain 
that  iron  takes  a  permanent  set  under  even  very  moderate  strains. 
If  wo  are  to  understand  that  the  sot  is  exceedingly  small*  this  may 
be  true.  ♦  ♦  ♦  Mr.  Edwin  Clark  has  experimented  on  a  wruught- 
iron  bar  10  ft.  long  and  1  in.  square.  Under  a  strain  of  3  tons  per 
square  inch,  he  gives  the  permanent  set  as  nearly  the  i  Jar  P<^ <>f 

•  "On  the  TOlAtion  boHraea  Um  nfe  UmmI  and  the  nUiniAte  tensile  ttrei^  of  iron,* 
lUrch  t  1863. 
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the  abtenoe  of  all  direct  experiment,  it  is  impowible  to  ueiga  the 
pniper  imporUuK'O  to  thiii  obvions  cattle  of  weakneM  in  large  ord- 
nance«  eapeitially  when  placed  under  initial  strains.  Mr.  Nonnan 
Wiard,  of  New  York,  has  treated  the  subject  with  great  ingenn- 
itj ;  hL»  views  and  illustrations  will  be  found  in  the  appendix. 
Other  authorities*  have  referred  to  the  effects  of  rapid  firing  upon 
the  durability  of  cannon.  Mr.  Mallet  says :  ^*  The  expansion  of 
the  interior  of  the  gun,  acting  tangentiallv,  exercises  against  its 
rigidly  resisting  exterior  a  powerful  nplitting  strain.  The  donga* 
ti<m  of  the  interior  of  the  chase,  from  the  same  cause,  drags  or 
forre^  the  exterior  to  elongate  along  with  it.*'t 

SSA.  Mr.  Wiard  proiHJses  to  remedy  tliis  cause  of  failure  in 
two  wayn:  Int^  by  shaping  the  gun  so  that  it  can  expand  without 
exn*»«ive  strain.  This  plan  will  be  referred  to  under  the  head  of 
ca#»t  iron  ^jSj).  2d,  Mr.  Wiard  proiK>iies  to  make  the  tubes  of  a 
gun  of  different  metals,  arranged  with  reference  to  their  nvpec- 
live  elongation  by  heat.  An  inner  tube  of  steel,  although  in 
direct  contact  with  the  heated  gases,  would  not  expand  much 
more  than  an  outer,  less  exp^Mcd  tube  of  bronxc;  so  that  the 
initial  strain  would  be  little  disturbed. 

The  m<Mt  obvious  and  simple  n>medy  is  t4>  cool  the  interior  of 
the  gun  witli  water  after  each  discharge.  Automatic  mac'liinery 
to  do  this  lias  been  designed.    (See  Chapter  on  Breech-Lcmding.) 

SS9.  GiNCLUiiioNs.  —  It  lias  been  clearly  demonstrated  that 
mervly  thickening  the  walls  of  a  gun,  lieyond  a  ]H>int  ni*ariy  if  not 
quite  r^-ached  in  pra<-tict>,  adds  very  little  ti»  its  n«istani*<>  to 
internal  pressure.  A  liom^igeneous  gun,  in  a  state  of  initial 
rep<«e.  <*annot,  however  tln'ck,  nuKtain  a  pressure  per  Hqtmre  inch 
gn-mter  than  the  tena<*ity  of  a  S(|uare  inch  of  tlic  metal  of 
which  it  is  composed.  The  reaMin  is,  that  the  inner  layerH  of 
metal  are  more  stretched,  and  hence  strained,  than  the  outer 

•  *-<)•  th*  Ccnmrwakm  of  Artillery.**  1h5S^ 

f  Mr.  UH^rUir*  mi»:  *'T1.iji  U.  probftblr.  the  mam  of  irtinii  Itrinf  more  lial>l«  to 
^rM  vlfs  tliry  fri  h<iC  II  !•  ooC  that  Um  imn  U  m—kvt,  for  Mr.  FAirMni  hnM 
ttoiwm  %haH  up  In  O*o'  the  ilrrngth  of  o»0l  iron  !•  not  BUUrriAllf  diiBini«tKNl;  h*A  wliro 
lii^  r«B  w  lirtttMl.  tlw  miBpowiier  KTU  wanned  and  baraa  mnra  rapidly,  antl  the  forra 
faffW»i#daadappliad»ora>udd>nly."— *CVwiiSrwhjay^riiSryr  IhM.  t\  £,  ISCO. 
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SHcnoK  I.    Elabtigitt  akd  DucnuTT 

340.  Elasticity.  It  has  long  been  known  that  the  ultimate 
tenacity  of  metals  is  only  an  approximate  indication  of  their  safe 
working  load.  All  metals  used  for  cannon  have  an  appreciable 
elasticity,  but  the  range  of  thia  elasticity — the  extent  to  which 
they  may  be  elongated  by  pressure  before  permanently  changing 
their  figure — is  very  diverse  for  different  metals,  and  very  indefi- 
nitely determined  for  all. 

The  use  of  elasticity  is,  that  it  allows  space  for  the  power  to  act 
in,  without  permanently  stretching  and  thus  injuring  the  metaL 
Upon  the  application  of  any  force,  metal  ha%'ing  no  elasticity 
would  either  permanently  stretch,  or  else  it  would  instantly  break. 

341.  Elastic  Ldctt  of  Metals. — Tliere  is  no  doubt  that  iron, 
in  all  forms,  has  some  positive  elasticity — that  it  will  resume  ita 
figure,  when  strained  to  a  certain  extent,  so  nearly,  that  for  all 
practical  purposes  its  elasticity  may  be  called  perfect.  Mr.  Col- 
bum  says  on  this  subject,  in  his  valuable  pai)er  before  the  Society 
of  Engineers:*  "It  is  commonly  held  that  within  certain  limits  of 
strain,  iron  is  perfectly  elastic.  No  matter  how  often  it  may  be 
stretched  or  deflected  up  to  a  certain  point,  the  general  l>elief  is 
t^at  it  will  come  back  to  ita  original  form  every  time  the  load  is 
taken  off.  There  are  high  authorities,  however,  who  maintain 
that  iron  takes  a  permanent  set  under  even  very  moderate  strains. 
If  wo  are  to  understand  that  the  set  is  exceedingly  smalU  this  may 
be  true.  ♦  ♦  ♦  Mr.  Edwin  Clark  has  experimented  on  a  wrought- 
iron  bar  10  ft.  long  and  1  in.  square.  Under  a  strain  of  3  tons  per 
square  inch,  he  gives  the  permanent  set  as  nearly  the  ^5*47  part  of 

•  **0n  the  relation  boHreen  the  nfe  UmmI  and  Uw  vUimmto  tonste  ttmi^  of  iron,* 
Umnh  t  1S63. 
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an  inch  in  10  feet.  With  8  tons,  the  permanent  set  is  given  as 
about  the  j^f^  of  an  inch  in  10  feet,  and  it  was  not  until  a  strain 
of  13  tons  |)er  square  inch  had  been  applied  that  a  set  of  ^V  '^^^^ 
in  10  feet  became  apparent.  With  such  exceedingly  minute  nieas- 
nrcments,  we  may  {)erhaps  doubt  if  there  was  really  any  i)enna- 
nent  M*t  at  all,  with  btrains  nnder  0  or  10  tons  i)er  Mjuare  inch. 
An  increase  of  temperature  in  the  bar,  of  perhaps  a  single  degree, 
while  the  measurements  were  being  made,  would  more  than  ac- 
count for  some  of  the  re]K>rted  sets,  even  under  considerable 
ftrain<  Thus,  Mr.  Edwin  Clark  gives  the  permanent  set  of  his  bar, 
after  a  utrain  of  8  Urns  jter  s^juare  inch,  as  the  tib^yt  P&rt  of  its 
length ;  and  this  is  almost  exactly  what  tlie  extension  of  the  bar 
Would  have  l>een  had  its  temperature  l)een  raised  but  a  single 
dt-gTK  between  the  observations.  Iron  is  heated  in  the  very  act 
of  straining  it,  and  a  sudden  breaking  strain  will  generally  leave 
the  bn^ken  emls  too  hot  to  1>e  handled.  Such  a  slight  apparent 
e\ten^i(»n  might  also  have  occurred  while  tlie  shackles  by  which 
tlie  Imr  was  strained  were  coming  to  their  bearings.  But  even  if 
such  a  microscopic  permanent  set  really  existed,  it  is  one  of  which 
no  engincHT  would  take  the  slightest  notice,  as  affecting  the 
stn'U^i  of  the  bar  in  which  it  was  oWn-ed."' 

S49.  So  few  ex])eriments  have  been  made  to  determine  the 
elastic  limit  of  different  metals,  that  no  general  rule  lias  been 
adopted.  Mr.  (\>lbum  says :  **  When  we  come  to  the  qui^sticm  of 
safe  working  strength,  much  difference  of  opinicm  exists  among 
engineers,  the  permanent  supporting  ]M>wer  of  iron  being  vari- 
oo»l/  e^timate<l  at  from  j\  down  to  i'^  of  its  brc»uking  strength. 
•  •  •  What  informaticm  we  have  g<K»s  to  show  that  there  is  no 
«ettled  relation  between  the  elahtic  limit  and  the  breaking  weight 
of  iron ;  the  fi^rmer  is  more  variable  than  the  latter,  and  can 
hardly  lie  expressed  as  an  average  result,  as  it  ranges  from  Ie^s 
than  I  to  m4>re  than  |  of  the  breaking  weight ;  or,  if  the  clastic 
limit  be  taken  irres{)ective  of  the  breaking  weight,  the  instance's 
*-itt^l  ^how  that  the  jHJwer  varit^  from  3J  up  t4>  241  tons  jwr  Sfjuare 
inch  io  different  qualities  of  iron,  although  tlie  range  in  ordinary 

bar  tn>o  and  plate  inm  is  not  nearlv  as  great.^ 
19 
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Tables  (51,  52,  and  53)  are  given  bj  Mr.  Mallet  in  his  <^Con* 
Btruction  of  Artilleiy."* 

Tabu  LL—Bmlatios  of  Elaitio  Ldot  Ain>  or  Exmsiov  to  Ultdcatb  Oo- 
mnoK,  AoooBDiKo  TO  CoNTiNsirrAL  EzpsRncsaTB^  DT  Emoubh  Msabuub. 


Nfttora  of  Matel,  and  Aathority. 


Wroiight«iron  Ban,  higheft 

Ditto  (Dulean),  mean......^... 

Ditto  (Lagerhjilm),  mean 

Strong  Ban(NaTier) 

Iron  Wire(i*i  mil  diam.)  hanl 

Ditto      (Ardant),  foft 

Caft  Steel,  Englifli,  blue  temper,  mean  (Morin) 


Elongfttlon 
at  limit  of 
Klaailcltj. 
Leogth  uf 
Url-a 


•00167 
•00061 
•00071 
00093 
•00084 
•oooSS 
•00111 


Corw- 
uwndlng 
Sindn  Id 


Ratio  to 

tb«  aid 
imatr<'4>- 


I 


30000 

17634 
11349 
15600 
11300 
11300 


0^63 
0-36 
0^40 
045 
033 
0^50 


Value  ftf  On. 
cAlcieot  of 
ElMtiHtj  la 
Ibt^  poraq.  In. 


93S66  >  0*67 


34133400 

18444500 
19440100 
15591165 
16016718 

»4»77«»5 
41666750 


Tabu  LIL^RsgnnNO  Powkbs  or  Krupp's  Cast  Stbsl  as  Coicfabkd  wiir 
OTHBB  Metals  for  Construciino  Ordvahoi.  From  a  Rxfokt  by  tbb  Pan- 
SUN  MimsTRT  OP  War. 


MotaL 


Kmpp*!  Caft  Steel,  No.  i  (Einkron).. 

Do,         Do.  1 

Do.        Do.  3 

Wrought   Iron 

Caft    Iron 

Gun  Metal,  lo  per  cent.  Tin 

Do.         9        Do. 

Do.        II         Do 

Do.       II        Do 


UUImatc  I  lA«.U«ri 

Rin^Utancel  Ultimate  '4B«leor 
to  Tension  RMlatane^ 
raquare  to 

iDCb. 


I17113 
110393 
107516 
73»3« 
»934i 
43536 
4«454 
36615 
3*334 


36300 
40140 
34610 
15010 

i75«o 
10430 
10810 
10310 
18300 


Eopcure 


107 
118 
111 

3" 

II 

400 

386 

3»5 
130 


TalMofT^ 
d«diioad.t 


3757050 
3651740 
3815^10 
4018110 
105060 
4086000 
4016330 
3100400 
1189500 


*  TUe  elongation  of  wroagbt  iron  and  steel  at  the  point  of  rapture,  and  the  oorT»> 
spooding  preasure,  will  be  Airtber  oocnidered. 

t  Tr»iba»'poeBda  to  ptodnea  rmphirt  by  tanaton,  after  tha  limit  of  olaatlelty  baa  boen  lauaadad. 


Elaoticitt  and  Ductility. 


291 


Tabu  LIIL— fUmrAirr  Vis  Vita  or  KLAsncmr  aitd  or  Rurrm  bt  Tkkbioh  or 

Tn  UlTAU  APPUCABLB  TO  TBB  OoifrTRCOnOX  Or  ORDNAJrCE. 


T=rP 


■•«•  P«^  ^rS?  ^  «.L.    V*hie  for     Yainr  tnr    Cormrleiit 
rniUof    ^.L..     l!"      anil  of        unli  iiT     ofelMtlcUT 


to  cla^tk     '"""^ 
llmiL 


l^nrth  Mid  Irnrth  •nd   r«ir  un(i  i 
•r<rti«4i.        aectkiii.         aecUiMk 


CiA  Aesl  (Ea(li&),  U«c  c»aipcr..i  -oooiif    47040     »i  -o       $  -  > %$ 


OA  *kI  (Gcrmu)»  folk 

WnMfbt-iftM     bar,    ■Msim 
4aaUity^ 

WraaflMHrMi    bar,    imif    ui4 


•00096      35391     i$*t     16988 
170*4  ,    76 


00054 

000S5 
00104 


15760     II. 5 
14111       6-3 

10304      4'6 


7. 660 

6955 

5  99r 
5.308 


Brmif  «»«,  4ra«a  uU  fo^baciJ^  '00>35  '  11180  '    9-5     16.490 
Bra^  caA,  Mean 00076        6944       3.1       1-639 


DjrMmc  Lbc 

39650     41666750 

103500     18866715 

96000     15000000 

I 

38315  18444500 
11187  17066700 

93a5»  9955575 
}i68o  9173190 
10900  -  8930 


As  to  the  elastic  limit  of  caKt  and  wrouglit  inm,  Mr.  Colbnm 
BtBtM  tliAt  two  ca^t'inm  beaniA,  exi^erimenUHl  U|M>n  bv  Mr.  Hodg- 
kinM>n,  tf»ok  earh  a  ]H*nnanent  Bet  with  weightA  re((|>e('tively  equal 
ti»  iV  ^^^  1*8  '^f  ^^^  breaking  weight ;  and  that  *""  in  a  diHcaiwion  at 
the  InMitution  of  (^ivil  Engine<*rH,  a  Mr.  Dine<4  mentioned  that  he 
had  tested  npwarrlfi  of  HCMK)  caat-inm  girden«  for  the  late  Thoma» 
Cnbitt,  and  that  he  found  it  hardly  |Ni<wible  to  apply  a  weiglit  mi 
•mAll  an  not  t4i  priMiure  iM>mo  iN*nnanent  M*t,  onc^twentieth  of  the 
bn>aking  weight  pnMiuring  a  jierpeptible  wt.  *  *  *  In  m»ven  ex- 
|immentA  by  Profi'Mor  Barlow,  on  wrought-irfin  ban*  10  fi«ot  long, 
S  of  them  retained  their  full  elaiticity  under  a  Mrain  of  1 1  t4inA  {ler 
aqnare  inch ;  3  bar*  Ix^re  10  tons  without  injury,  while  one  iMira 
9^  t<iiift«  and  another,  made  from  old  furnace  bant,  did  not  n*tain 
it»  elasticity  beyond  a  strain  of  ftj  tonn  per  iwpiare  inch.  •  ♦  •  •  • 


«  to  IMIi  M  Mf:  MflOM  B«»  ttto  ««ai^  vfei**  li  rifbl  I 
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Tables  (51,  52,  and  53)  are  given  bj  Mr.  Mallet  in  his  '^  Ck^n- 
Btruetion  of  Artilleiy."* 

Tabu  LL^Relation   or  BLAsno  Ldot  Ain>  or  EmsBioir  to  Ultdcats  Oo> 
HB8I0N,  AoooBDiKo  TO  CoMTnninrAL  ExpEBncsirrfl^  nf  Ekoubh  Msa8ubi& 


Nature  of  Metel,  nd  Anthority. 


Wrooght-iron  Ban,  higheft... 

Ditto  (Dulean), 

Ditto  (Lagerhjilm), 

Strong  Ban  (Navicr) 

Iron  Wire  (i*  2  mil  diam.)  hard ^ 

Ditto      (Ardant),  Toft 

Caft  Steel,  Englifli,  blue  temper,  mean  (Morin] 


Elonicatloa 
at  Itmlt  of 
ElMilclty. 
Leogth  uf 
UrlO. 


00167 
00062 
0007  s 
00093 

000S4 
0008S 
00122 


Corra- 

MMiDdlnf 

Stndo  Id 

poaiKU  per 

iq.  ioeh. 


Rado  toi 
the  ulUi 


30000 
17634 
21349 
S5600 
21300 
21300 
93866 


VaIo«nrC». 
efllrtent  oC 
Elaatidtj  !■ 
lbi^per«q.ta. 


I 


0.63 
0.36  j 
0.40  I 
0-45  j 

0*50 
0.67  ' 


34133400 
28444500 
29440100 
25591165 
26026718 
24177825 
41666750 


Tabu  LII.— Rmsnifo  Powers  or  Kbupp*8  Cast  Stbbl  as  Coxfared  wm 
OTHER  Metals  roE  CoxsTRUcnKQ  Ordkahor.  From  a  Report  bt  the  PRr»> 
SUN  If ikistrt  or  War. 


Ultimate  I  Ai«Uofl 

R«^Uunc«l  Ulttmate    An«l«ofl 
to  TtfDtioo  Re*lataDCP 
perMiuarv  ui  Toralon. 
Inch. 


Kropp*t  Caft  Steel,  No.  i  (Eiokron).. 

Do.         Do.  2 

Do.         Do.  3 

Wrought   Iron 

Caft    Iron 

Gun  Metal,  lo  per  cent.  Tin 

Do.    9    Do.    « 

Do.   II    Do.    .- 

Do.   12    Do 


117113 
110393 
107516  ' 
73»3«  I 
»934i  ' 
43536  ' 
41454 
36615 

3*334  ' 


36300 
40140 
34620 
15020 
17510 
20430 
20810 
20320 
18300 


TnrvkNi    TalM  of  Tr 
belorp  I 
Boplarel 


118*         3652740 

2ir  '    3825510 
322'  I   4028120 


12 

400- 
,16 
J»$' 

I  JO- 


105060 
4086000 
4016330 
3200400 
1189500 


*  The  eloDgitkm  of  wrought  iron  uid  steel  at  the  point  of  rapture,  nod  the  corre- 
tponding  pre— ore,  will  be  fUrtber  oonsklered. 

t  Tr>>fcel-po«Bda  to  prodoM  nilp^Hrv  bj  iMiloa,  after  Ibo  Uali  of  olaaCkltj  haa  bwB  osoMdad, 


Elasticitt  and  Ductility.  293 

when  in  the  previouB  normal  condition.  The  iron  has  to  a  small 
extent  aMumed  the  character  of  wire,  which,  from  the  drawing 
prooeaA,  in  always  stronger  than  the  iron  out  of  which  the  wire 
iamade.^ 

Mr.  ("olbom  states  that  increasing  the  strength  of  iron  bj  draw- 
ing it  is  probable,  from  the  known  results  of  drawing  wire,  and 
that  ^*  when  heated  moderately,  or  to  les^  than  a  dull  red,  and  then 
i4rptchod,  iron  is  strengthened  throughout.  This  treatment  is 
known  as  thermo-tension,  and  in  an  extensive  courne  of  experi- 
ments made  about  twenty  years  ago,  by  Professor  Walter  R.  John- 
•tin,  for  the  United  States  Government,  a  total  gain  of  nearly  30 
per  cent,  in  strength  and  length,  taken  together,  was  estimated 
to  have  been  obtained  witli  a  variety  of  irons.  *  «  *  Captain 
Blakely  has  lately  proposed  the  same  treatment  of  iron,  and 
hb  experiments,  it  is  understood,  corroborate  those  of  Professor 
Johnncm.** 

Captain  Palliser  mentions  the  following  experiment  :*  ^^  I  con- 
utmcted  a  tube-gun  which  was  1^  in.  diameter  of  bore,  and  threw 
a  1 )  lb.  cylindroKTonoidal  shot.  This  tube  is  ^  in.  thick  and  rifled. 
*  *  *  The  tube  was  accurately  fitted  into  the  gim  to  within  one 
inch  from  the  bottom,  and  was  screwed  home  with  ease  by  means 
of  the  nut  at  the  muzzle  (332).  I  fire<l  a  series  of  charges,  increas- 
ing in  Mverity,  from  thiK  gun,  and  after  eac*h  discharge  I  took  the 
tnbe  out  and  examined  it  After  the  IbaI  and  mot^t  severe  dis- 
charge, I  found  that  there  was  S'>me  power  required  to  unscrew 
the  not,  owing  to  the  tube  having  Inscome  slightly  jammed.  Thus 
this  thfii  sufficed  slightly  to  disturb  the  equilibrium  of  the  tube. 
I  then  reinM*rted  the  tube  and  ground  it  ba<*k  into  \U  place  as 
lieforp,  witli  fine  emery  and  oil  On  using  the  same  charge  in  the 
gun  as  that  which  had  previously  enlarged  the  tube,  I  found  that 
it  prodored  no  further  effect  on  the  latter,  which  can  be  taken  out 
and  reinserted  with  the  same  ease  as  at  first^ 

MA*  But  the  addition  of  strength  by  stretching  is  not  all 
gain,  became,  although  the  tenacity  of  a  given  area  is  increased, 

•  "Twsttot  oa  OoniMMiad  OrdnnM,'*  1B63. 


292  Ordnance. 

Mr.  Edwin  Clark,  from  the  results  of  his  experiments,  oonfiidefB 
that  the  limit  of  elasticity  of  wrought  iron  is  12  tons  per  square 
inch.'' 

543.  The  foUowing  results  (Table  54)  of  ICr.  Mallet's  experi- 
ments were  stated  by  him  to  the  Institution  of  CivQ  Engineers,  in 
his  paper  of  March  1, 1859, ''  On  the  Coeffici^its  of  Elasticitj  and 
Kupture  in  Massive  Forgings :" 

Mr.  Anderson,  Superintendent  of  the  Armstrong  Gun  Factory 
at  Woolwich,  states*  that  "from  seyeral  hundred  experiments 
that  have  been  made  with  wrought  iron  cut  from  bars  intended 
for  the  manufacture  of  Armstrong  guns,  the  following  result  has 
been  obtained :  The  point  of  yielding  permanently  gives  an  aver- 
age resistance  of  28000  lbs.  per  square  inch,  while  the  point  of 
ultimate  rupture  gives  an  average  of  57120  lbs.,  or  rather  more 
than  double  that  of  the  point  when  permanent  elongation  com- 
mences." In  heavy  forgings,  "  the  average  point  of  yielding  per- 
manently was  28760  lbs. — average  point  of  ultimate  fracture  being 
48160  lbs.  Tlie  foi^gings  from  which  the  specimens  were  cut  were 
all  of  high  quality." 

544.  Dactlllijr  (Oain  of  Stbenoth  bt  Stretching). — Be- 
yond the  limit  of  elasticity,  some  metals,  especially  soft  wrought 
iron,  may  be  considerablj'  and  permanently  stretched  without  rup- 
ture. After  stretching,  they  appear  to  assume  a  new  arrange- 
ment of  particles  and  a  new  limit  of  elasticity  until  dose  to  the 
point  of  rupture,  when  they  lose  all  elasticity  and  ductility,  bat 
gain  ultimate  cohesion, — that  is  to  say,  a  bar  that  is  a  square  inch 
in  section  after  stretching,  win  stand  a  greater  pull  than  an  inch- 
square  bar  that  has  not  been  stretched.  Wrought  iron  increases  in 
tenacity  when  drawn  into  wire,  or  cold  rolled  or  cold  stretched, 
and  especially  when  stretched  after  a  little  heating.  Mr.  Ander- 
son states,*  as  a  result  of  many  experiments  on  iron  for  Armstrong 
guns,  that  '^  after  the  first  yielding,  by  the  addition  of  extra 
weight,  the  wrought  iron  specimen  gradually  stretches  until  it  has 
been  considerably  reduced  in  diameter ;  and  such  parts  as  have 
been  so  reduced  have  a  greater  tenacity  per  square  inch  than 

*  Jooraal  of  the  Bojral  United  Servioe  InatilotkNi,  Aug.,  1862. 
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I  ONTUiUlU. 


TnUl   «!• 

rnpliirc. 


i-»i66    497s* I 


VAlMofflMldUtiir- 
Tr. 


I   6333 

1S190 
1   1667 


-9*4 


3501. 4 


3910. 9 


of 

nip« 


100  :  140 
100  I  119 

100  :  13} 


4644-6  100  :  140 


l6o«4 


»347  5 


BrnttooTlM- 
•Ion  to  9%- 

#lMtle  limlL, 


100  :  1071 
100  :  59» 

lOQ  :  32t 
lOQ  :  547 


100  t  561 


lOQ  I  iii.iOQ  :  411 


■9ii'0  too  I  lit,  100  t  410 


^9*4  too  t  IS9 


100  t  101 


I  lot 


100:994 
too  t  656 
too  t  360 
100  t  tio 


f6  too  :    6S 
ICO  :494 
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Table  LTV.^Psopibtbs  of  Liobt  Aia>  Bmjlyt  WBOUOHT-Isoir  Fbaonraft 

MaUd,  InsL  Chnl  £nifmmr$,  MareK,  1859. 

Unit  of  Section,  1  square  inch  x  I  foot  in  length. 


Na 


Chabaotrs  or  Iboh. 


Form  of  Fnetvra. 


Fagoted  forged  flabt,  drawn  out  under  fteam  hammer 
to  II  X  a^  in 


The  fame,  drawn  out  under  hammer.. 


Fibroua. 
ribrooa. 


Rolled  flaba  of  the  fame  iron  at  No,  i,  and  fame 
dimenfiona 


Rolled  bar  (ame  aa  No.  3  . 


Fibre  and  cryftal 

Fibre  and  fomc  crjib]. 


Hammered  flaba  from  beft  feleded  Scotch  and  North 
Wales  pig.  Rough  ban  hammered  with  i]aba»  and 
thefe  piled  and  hammered  to  5^  ft.  iijoarex  la  in. 
thick.     Bart  cut  parallel  to  broad  furfiicea 


CryAU|  traces  ef  fibre.. 


Crude  pig  fame  kind  u  No.  5,  puddled,  rolled  into 
No.  I  bar  iron,  which  was  cut  up,  piled,  and  rolled 
into  Nob  1  bars  to  be  piled  for  central  forging  of 
HoriTall  13-inch  gun 


7    Bar  cut  longitudinally  out  of  eiterior  of  mafi  forged 
!     from  pile  of  fuch  bars  as  No.  6.. 

S    Similar  bar  from  Bmilar  forging  to  No.  7.. 


9  ,From  a  hoop  (3  ft.  diameter),  cut  out  of  circumference 
I     of  fimilar  forging  to  No.  7 


From  a  hoop,  cut  from  the  mafs  that  No  7  longitu- 
dinal  bar  was  obtained  from 


Bar  cut  parallel  to  diameter  from  mussle  end  of  gun- 
forging  made  from  bars  No.  6 


»5 


Bar  ftgofed  in  charcoal  fire  from  the  heavy  **  curled 
borings**  from  interior  of  gun  forged  from  ban 
No.  6 


Puddled  ftccl.. 


Fine  cryftal  and  traces  of  fibre 

Coerfe  cryftal  and  trace  e£  fibre 
Coarie  cryftal 


Coarfe  cryftal  aad  feme  fibre., 

Coerfe  cryftal 

Fine  cryftal 


Fine  fibreoa , 

Fine  Aedy  fractere... 
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Tabu  LTV.— CovranriD. 


o  -  Total  •%• 


hi 


rlMtic     I    rIaMk      FUmI  Tftin* 


UoilL 
Tuna 


UmlL  oTTc 


I  Total  ex- 
T#ii«lnii  ftt  !  t4»n«loa  at 


nipCnre. 


•$il  I5-1»»  I  00141   «>.579 
7(46  14-219  ,  o«oa4o  ,  ]i-t50 


-4 J-  10  937 


oojIJ   33-99J 


TSl*  >o-9;7  j  o-osoo  ,  »o>4i6 


761'.   >-7$o  '  0-0156  ,  as- 740 


7449  iioii 


0-0S9S  It-jt^ 


rrn     9*M4  ,  0-0140  ,  21-050 

i 

*44C     10  9)7  j  o-oiio  11-119 

*6]i      6-561  ,  00100  6- 115 

I 

7614      5-470  I  0-0151  7.7$i 


.7671,     J  a«i      00040        1-115 


14-061 
11  969 

11-969 
11-969 


It- 594 


ii-i75 


rapiurr. 


11166 
1-6133 


J  lutioor 

VftlneoTlftinldlsUir' 


Tr. 


497«« 
3501. 4 


tiuo  at  rap- 


too  :  140 
too  t  119 


1-1190  ! 3910- 9  too  t  133 


1-1667 


0-0914 


0-6600 


4644-6  too  t  140 


160-4  too  I  101 


1347-5  too :  itt 


19-6$!      1-0400 

i 
17-900  i  05100 


t6-4o6      0-0771 


i6-7t6      o- t040 


6-561      0-0414 


iUtSooftea- 
•loa  to  ex- 
tesaloo  at 

elaMic  IliiilL 
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the  total  area  is  diminished.  And  this  property  of  dactile  metals 
is  not  depended  upon  in  the  construction  of  engineering  works. 
On  the  contrary,  a  load  that  will  permanently  change  the  figure 
of  an  iron  or  steel  structure,  is  deemed  unsafe.  The  importance 
of  determining  the  elastic  limit  of  metals,  so  that  it  may  not  be 
exceeded  in  practice,  is  just  now  discussed  in  Great  Britain  with 
unusual  earnestness. 

Mr.  Colbum  remarks,  after  mentioning  instances  of  increased 
tenacity  by  stretching: — ^^But  from  what  has  been  said,  it  is  not 
to  be  supposed  that  iron  is  not  injured  by  excessive  strains,  not- 
withstanding that  the  metal  strained  may,  when  tried  immediately 
afterwards,  still  retain  its  full  breaking  strength.  The  injury  will 
appear  when  a  subsequent  working  strain  is  long  continued ;  and 
even  without  waiting  for  this,  it  will  be  found  that  strained  iron 
has  been  deprived  of  a  large  part,  if  not  the  whole,  of  its  natural 
elasticity.'^  The  same  writer  mentions  the  following  experi- 
ments: The  late  Mr.  Yicat,  from  lvS30  to  1833,  investigated  the 
strains  on  unannealed  iron  wire.  ^^  One  wire  was  strained  to  | 
its  breaking  weight,  but  beyond  the  elongation  which  at  once 
took  place  no  additional  stretching  occurred  in  33  months.  A 
second  wire  was  strained  to  \  of  its  breaking  weight,  and  in  33 
months  it  stretched  at  the  rate  of  2f  parts  in  every  1000  parts  of 
its  length,  this  stretching  being  additional  to  that  which  took 
place  as  soon  as  the  weight  was  applied,  but  which  of  itself  waa 
not  sufficient  to  immediately  produce  any  permanent  set.  Under 
a  strain  of  i  of  the  breaking  weight,  another  wire  stretched  rather 
more  than  4  parts  in  every  1000  parts  of  its  length.  Under  a 
strain  of  }  of  the  breaking  weight,  a  fourth  wire  stretched,  in  83 
months,  6  parts  in  every  1000  parts  of  its  length,  and  then  broke, 
which  circumstance  terminated  the  experiment'' 

S40,  If,  then,  tlie  limit  of  elasticity  is  not  exceeded  in  other 
structures,  why  should  it  be  in  guns?  Are  the  cireumstances  un- 
der which  wrought  iron  does  appear  to  gain  strength  by  stretch- 
ing, the  same  as  those  of  cannon  strained  by  gnn{)Owder  t  In  one 
particular  they  are  certainly  similar.  Wire  drawing  and  cold 
rolling  involve  the  application  of  lateral  pressure  in  addition  to 
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mere  Btretching.  Omipowder  ttpsets  or  draws  the  iron  as  under  a 
hammer.  The  teBtimon j  of  Sir  William  Armstrong  and  Mr.  John 
Anderson  before  the  Defence  Commissioners  is  very  clear  on  this 
{loint  (402).  Bat  does  the  snddenness  of  the  strain  brought  upon 
a  gnn  render  its  change  of  figure  safe,  when  that  of  a  uniformly 
loaded  beam  or  chain  would  be  dangerous?  Experiments  show 
that  a  sudden  jar  will  cause  the  fracture  of  ban  that  had  long 
remained  whole  under  strains  greatly  exceeding  their  elai^tic  limit, 
and  approaching  very  near  to  their  ultimate  tenacity.  In  Mr. 
Farbaim's  experiments  of  1837  to  1S42,  columns  loaded  with  if  o' 
their  breaking  weight  could  only  l)o  made  to  support  it  for  a  long 
perioc]  of  time  by  preventing  all  vibration  in  and  about  them.  In 
the  experiments  of  Mr.  Bocbling,  engineer  of  the  Niagara  Suspen- 
sion Bridge,  bars  drawn  down  to  f  inch  square  at  the  centre,  and 
having  an  ultimate  tenacity  of  33  tons  per  square  inch,  bore  a 
strain  of  20|  tons  per  square  inch  without  visibly  stretching,  for  a 
week,  when  no  jar  was  given  U>  tliem.  lJ{>on  any  vibration,  they 
immediately  took  a  permanent  set.  The  above  specimens,  how- 
ever, were  permanently  loaded  and  then  jarred. 

S47,  ErriocT  ow  Differeht  Ratis  or  ArpucATioir  or  Fobcb. 
— TIiiJ*  ii*  illuDtrated  by  Fig.  159. 
Let  the  elastic  body  a  ft  be  firmly  ^"^  ^^® 

secured  in  the  wall  W,  and  tlie 
wenght  P  slmdy  placed  up«»n  ^ 
the  end  ft,  which  will  thus  be  de- 
proawxl  to  /^,  the  point  where 
the  rct^istance  will  equal  the 
weight.  But  if  the  weight 
being  placed  in  contact  with  b  but  not  rating  U|N>n  it,  i.^  suddenly 
let  go,  tlie  wetglit  will  exceed  the  re^iHtance  until  /*'  ia  rem-hed, 
after  which  the  momentum  acquired  by  the  total  weight  (P  and 
b)  will  depress  b  to  /^',  but  with  a  c*onHtantly  diminishing  vehicity, 
be(*aase  the  resintance  will  then  exceed  the  weight.  If  tht*  elai^ti- 
city  in  perfect, and  there  is  no  atnuiKpheric  resiHtan(*e,  P"  will  be 
twice  as  low  as  /*.  Fn>m  /*",  the  elastic  force  l>eing  in  c\<'<'««, 
the  weight  will  again  rw  to  &,  and  continue  to  vibrate,  but,  owing 
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to  atmospheric  refiistance  and  imperfect  elasticity,  it  will  finaDy 
be  brought  to  rest  at  P*y  the  point  of  statical  equilibrium.  So 
that,  the  more  slowly  a  force  is  applied,  the  less  the  resisting  body 
will  be  strained  by  being  moved  beyond  the  position  of  statical 
equilibrium. 

Referring  to  this  illustration,  Captain  Sodman  says:*  ^'The 
excess  of  strain  due  to  the  rate  of  application  of  any  force,  above 
that  due  to  its  statical  equilibrium,  is  caused  by  the  momentum 
or  living  force  developed  in  both  the  straining  and  resisting  bodies, 
up  to  the  time  when  they  attain  their  position  of  statical  equilib- 
rium, or  by  the  momentum  at  wliich  they  arrive  at  that  position. 
To  illustrate :  suppose  the  sum  of  the  masses  of  the  resisting  body 
a  h  and  of  the  weight  P  to  become  infinitely  small  as  compared 
with  that  assigned  them  in  the  discussion  above  referred  to ;  and 
the  force  of  gravity  to  be  so  increased  as  to  cause  their  weight  to 
remain  constant,  and  the  resisting  power  of  a  &  to  remain  the 
same. 

^'  These  hypotheses  would  not  change  the  position  of  statical 
equilibrium,  and  the  moving  and  resisting  bodies  would  reach  that 
position  with  the  same  velocity  as  before ;  but  their  mai^  being, 
by  hypothesis,  infinitely  small,  their  momentum  at  that  position 
would  also  be  infinitely  small,  as  compared  with  its  value  under 
the  former  h^^thcsis,  and  they  would  consequently  be  carried  by 
that  momentum  only  an  infinitely  small  distance  beyond  the  posi- 
tion of  statical  equilibrium.  The  ultimate  strain  would,  conse- 
quently, under  this  hypothesis,  be  independent  of  the  rate  of  ap- 
plication of  the  straining  force. 

'^  The  statical  pressure  exerted  upon  that  portion  of  the  surface 
of  the  bore,  around  the  seat  of  the  charge,  in  firing  a  10-inch  gun 
with  service  charges  and  solid  shot,  cannot  be  less  than  50000 
lbs.  per  square  inch.  The  weight  of  a  body  that  would  produce 
this  amount  of  statical  pressure  per  square  inch,  on  the  area  of  a 
cross-section  of  the  bore  of  that  gun,  would  =78-54x50000= 
3927000  lbs.     This  would  be  the  weight  of  the  moving  or  strain* 

^  *'  EzperisDenti  on  Uetals  (br  Oumon  and  Cumon  Powder,**  186L 
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ing  mass  neceflsarj  to  render  the  remarks,  iii  the  diBcosaion  above 
referred  to,  applicable  to  a  10-inch  gun ;  whereas,  in  the  discharge 
of  cannon,  the  charge  of  powder  is  the  moving  mass,  and  that 
portion  of  the  gnn  aroond  the  seat  of  the  chaige  is  the  resisting 


^The  extensibility  of  gun-iron  is,  at  the  highest  estimate, 
not  over  '004  in.  |)er  inch  in  length.  The  increase  in  diameter 
of  the  bore  of  a  10-inch  gun  would  tlierefore  be,  at  the  moment 
of  interior  rupture,  =*()4  in.,  and  the  extent  of  radial  motion 
of  the  surface  of  the  bore  would  r=-02  in.  Tlie  surface  of  the 
bore  would  have  a  greater  extent  of  motion  than  any  i>thcr  part ; 
and  if  there  were  no  other  resistance  to  motion  than  the  inertia 
of  the  mass  of  the  metal  around  the  seat  of  the  charge,  the 
velocity  developed  in  that  mass,  in  passing  over  a  spa(*e  of  '02  in., 
would  be  very  triflinic  indeed,  and  the  momentum  correspondingly 
anall. 

^  The  sum  of  the  moving  and  resisting  masses  in  the  case  of  a 
l<>-inch  gnn,  as  c«>mpared  with  that  of  a  body  whose  weight  = 
39270(Ni  lbs.,  would  bo  very  small;  nor  can  the  radial  veloc*ity 
of  the  charge,  at  the  moment  when  the  bore  attains  the  diameter 
due  to  the  statit'al  pres^^ure  exerted  upon  it,  be  so  great  as  to  ren- 
der itA  momentum  of  any  considerable  magnitude ;  from  which  it 
follows  that,  in  firing  cannon,  the  exc*ess  in  strain  up<m  the  gun, 
above  that  due  to  statical  pressure,  caused  by  the  mcist  rapid  rate 
of  application  or  development  of  that  pressure,  is  a  very  small 
percentage  of  the  total  htrain. 

^  Tlii<»  reanoning,  and  the  conclusion  to  which  it  lea<]s,  must  not, 
however,  be  construed  inti)  a  disregard  of  the  rate  of  combustion 
of  the  charge,  for  this  is  of  primary  imiiortance ;  but  from  causes 
entirely  different  from  that  discussed  above.*'  ♦  ♦  ♦ 

**  It  U  well  kni>wn  and  understiNKi,  in  architecture  and  i>racticul 
mf*c*hanics,  that  a  given  beam  of  wimmI  or  bar  of  inm  will  Mi^tain, 
for  a  limited  time,  a  weight  which  would  be  certain,  uUimate^ 
ly,  to  break  it ;  and,  in  general  terms,  that  the  rupturing  foriTe 
is  a  decreacing  function  of  the  time  reciuired  for  it  to  pnMluoe 
miilure. 
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''It  ifl  believed,  however,  that  we  have  not  heretofore  propeily 
appreciated  the  effect  of  time  on  the  resistance  which  a  body  can 
offer,  where  the  ahsolute  difference  in  the  times  of  action  is  small, 
but  where  the  ratio  of  the  maximum  to  the  minimum  time  of 
action  is  very  great.  For  example :  the  time  required  to  rupture 
a  tensile  specimen  of  cast  iron  on  the  testing  machine  is,  say,  five 
minutes.  This  is  a  small  absolute  space  of  time,  and  the  differ- 
ence between  this  and  any  smaller  space  must  be  still  less;  but  aft 
compared  with  the  length  of  time  during  wliich  the  maximum 
pressure  \a  exerted  upon  the  bore  of  a  gun  at  a  single  discharge 
it  becomes  very  great ;  probably  as  great  as  the  ratio  of  the  time 
of  existence  of  any  known  structure  of  either  wood  or  iron  to 
that  required  to  test  the  strength  of  a  single  specimen  of  either 
material.  And  if  so,  why  should  not  the  resistance  of  a  gun 
or  shell,  to  a  single  discharge,  be  as  much  greater  than  indi- 
cated by  the  test  specimen,  as  the  permanent  architectural  load 
required  of  any  material  is  less  than  that  indicated  by  the  test 
specimen? 

''  The  results  of  different  experiments  which  I  have  made,  indi- 
cate that  such  is  the  fact.  For  example :  in  bursting  cylinders 
with  powder  (see  page  192,  Report  of  1860),  set  No.  1,  with  a 
thickness  of  metal  of  *5  inches,  gave  a  bursting  pressure  per  square 
inch  =87842  lbs.,  and  requiring  a  tensile  strength  of  iron  =75684 
lbs.  per  square  inch,  while  the  tensile  strength  of  the  iron  by  the 
testing  machine  was  only  26866  lbs.  And  in  set  No.  4  (same 
page  and  report),  with  2  inches  thickness  of  metal,  the  bursting 
pressure  was  80229  lbs.  per  square  inch,  while  the  most  that  it 
could  have  been  by  the  testing  machine  would  be  twice  the  ten- 
sile strength,  or  53732  lbs. 

^'  These  same  results,  as  weU  as  others,  show  the  important  dif- 
ferences in  resistance  due  to  differences  in  time  of  action,  when 
the  greatefst  duration  was  so  small  as  to  be  entirely  inappreciable 
to  the  senses.  Take,  for  example,  sets  Nos.  1  and  2  of  the  same 
cylinders  just  referred  to.  These  sets  were  both  of  the  same  inte- 
rior capacity,  same  metal,  near  as  could  be,  and  were  burst  by 
equal  chai^ges  of  powder  of  the  same  quality.     Set  No.  1  was  '6 
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inch  thick,  and  set  No.  2  wad  1  inch  thick.  The  mean  bunting 
preMure  of  set  No.  1  was  37H42  lbs.  }>er  square  inch,  while  set 
Na  2  was  only  38313  lb?.  One  cylinder  of  set  No.  2  required 
two  charges  to  burst  it,  the  indication  of  pressure  being  something 
less  for  the  second  tlian  for  the  first  charge.*  Now  the  only  true 
explanation  of  these  results  is  believed  to  be,  that  88,313  lbs.  was 
the  pressure  due  to  the  combustion  of  the  chaif^  of  jKiwder 
used,  in  the  space  in  which  it  was  burned;  that  it  did  not 
greatly  exceed  the  renisting  ])ower  of  the  cylinder  of  set  No.  2, 
and  required  a  greater,  though  still  unappreciable  length  of 
time,  to  produce  rupture  (as  is  indicated  by  the  fact  of  one 
cylinder  forcing  tlie  whole  products  of  combustion  of  one 
charge  out  through  a  hole  one-tenth  of  an  inch  in  diameter, 
without  buTHting),  while  it  greatly  exceeded  the  ra^is^ting  ]K>wer 
of  set  No.  1,  and  consequently  burst  that  set  in  much  \&s  time, 
bat  not  before  almost  the  full  pre«wure  due  to  the  charge  of 
powder  ui*ed  had  \yeen  develo|)ed.  ♦  ♦  * 

*^  Now  the  difierence  in  the  time^  of  action  of  the  forces  in 
all  these  examples  was  entirely  inappreciable  to  the  senses, 
yet  the  ratio  of  the  greatest  to  the  least  must  have  been  very 
oimsiderable.  And  in  the  ordinary  discharge  of  cannon  the 
gun  is  subjected,  at  each  discharge,  to  a  force  which  would 
inevitably  burwt  it,  if  |>ermitted  to  act  fiir  any  appreciable 
length  of  time ;  so  that  it  may  be  said  that  cannon  do  not  burst 
liecausc  they  have  not  time  to  do  so  before  the  bursting  pres«sure 
iH  relieve*!.*' 

S48.  Tlie  apparent  incn^aso  of  htreiigth  by  stretching  may  be 
othcrwi-«  accounted  for.  Mr.  Colbum  snvs:  ♦'  Mr.  Thomas  Llovd^ 
Engineer  to  the  Admiralty,  made  a  like  M*rie^  of  cx])eriment*(,  a 
few  yean  agf>,  on  10  bars  of  8C  Crown  inm,  1}  inch  diameter  and 
4i  feeC  long.  The  mean  breaking  weight  at  the  first  breakage  was 
2S*M  tons  per  square  inch.  At  the  second  breakage,  with  piw-es 
3  fSeet  long,  the  mean  i^trength  was  25'hO  t4>ns  ]H>r  square  inch ; 
at  the   third  breakag(%  with  pieces  2  feet  long,  27*0(1  tons  jwr 

*  Tbs  ^tmmnim  wtn  d«t*rmfa»«d  bj  (hpUlD  RodoMui'ii  indrntinf  apptfato*. 
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Bquare  inch ;  and  at  the  fourth  breakage^  with  15-inch  lengths, 
29*2  tons  per  square  inch.  Mr.  Uoyd^s  experiments  have  been 
held  to  show  that  iron  was  actually  strengthened  by  stretching  it ; 
or,  in  other  words,  that  by  destroying  the  cohesion  at  one  point, 
the  cohesion  was  everywhere  else  increased.  A  more  obvious  ex* 
planation  is,  that  the  bars  first  broke  at  the  weakest  part,  then 
again  at  the  next  weakest  part,  and  so  on.  A  variation  of 
from  23*94  tons  to  29*2  tons  in  the  strength  of  the  same  bar  is 
undoubtedly  laige,  the  greater  strength  being  22  per  cent,  more 
than  the  lesser ;  a  difference  which  appeared  to  exist  in  each  of 
the  10  bars  tried.  It  is  well  known,  however,  that  hardly  any 
two  bars  of  iron  have  exactly  the  same  strength,  and  Mr.  William 
Boberts,  manager  of  Messrs.  Brown,  Lenox,  &  Co.'s  extensive 
chain-cable  works  at  Millwall,  has  cast  a  12-ft.  bar  of  iron  into 
2-fl.  lengths,  and  found,  on  testing,  that  there  was  a  difference 
of  strength  of  20  per  cent,  between  the  strongest  and  the  weakest 
of  these  pieces.  In  the  experiments  of  the  Railway  Iron  Com- 
mission upon  the  extension  of  cast  iron,  the  strength  of  Low-Moor 
cast  bars  was  7*325  tons  per  square  inch  at  the  first,  and  8*152 
tons  at  the  second  breaking.  Blaenavon  iron  broke  with  6*551 
tons  per  square  inch  at  the  first,  and  6*738  tons  at  the  second 
breakage.  Oartsherrie  broke  with  7*567  tons  per  square  inch  at 
the  first,  and  8*475  tons  at  the  second  breakage.  Other  cast-iron 
bars  of  a  certain  mixture  broke  with  6*6125  tons  per  square  inch 
at  the  first,  and  6*777  tons  at  the  second  breakage,  the  latter 
being  at  an  unsound  place.  Upon  these  results  the  commissioners 
remarked,  that  ^  it  would  appear  that  iron  repeatedly  broken  be- 
comes more  tenacious  than  it  was  originally.  This  erroneous 
conclusion  may  be  obviated  by  considering  that  it  would  be  very 
difilcult,  if  not  impracticable,  to  obtain  cast-iron  bars  perfectly 
sound  and  50  feet  long.  Fractures  may  be  supposed  to  take  place 
the  first  time  at  the  largest  defect,  and  subsequently  at  thoae 
smaller,  until  finally  none  remain.' " 

The  permanent  stretching  of  the  interior  layers  of  a  gun  with- 
out initial  strains  would  tend  to  put  them  into  compression,  and  the 
exterior  layers  into  tension,  which  is  a  condition  of  strength  (40s) 
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Safktt  of  DucnuTT.  Work  dokk  in  Stbetchtno. — 
Mr.  Mallet  considers  soft  wrought  iron  the  proi>cr  cannon  metal 
for  another  reason : — the  work  done  in  greatly  8tret(*hing  a  bar  of 
soft  wrought  iron  beyond  its  elastic  limit  to  the  breaking  }x>int, 
considerably  exceeds  the  work  done  in  slightly  stretching  a  less 
ductile  but  very  much  more  tenacious  metal,  such  as  high  cast 
•teeL  to  the  breaking  point  (352),  (466).  Mr.  Mallet  does  not  pro- 
pone to  load  wrought  iron  above  its  elastic  limit,  but  advocates 
its  use  because  there  is  such  a  large  margin  of  safety  between  the 
elastic  limit  and  the  breaking  strain.  If  the  former  is  accident- 
ally, or  through  defects  in  the  metal  or  the  fabrication,  exceeded, 
the  gun  will  still  be  far  from  the  bursting  point,  and  may  (H>nsid- 
erably  stretch  and  give  ample  warning.  But  when  the  elastic 
limit  of  high  steel  and  other  slightly  ductile  metals  id  reached, — 
and  it  is  at  any  time  likely  to  be,  through  defective  material  or 
fabrication, — fracture  occurs  almost  immediately.  Very  little 
^  work  done^  is  then  required  to  reach  the  breaking  point.  Mr. 
Mallet  admits,  however,  that  high  steel  is  perfectly  safe,  if  this 
margin  of  work  done  is  provided  for  by  an  excessive  quanttfy  of 
materiaL  In  other  words,  there  must  be  provision  for  the  expen- 
diture of  a  great  power  between  the  working  strain  and  the  ulti- 
mate tenacity. 

Wn>ught  iron  provides  this  by  its  ductility.  High  steel  and 
east  iron,  and  all  less  ductile  metals,  provide  it  only  by  excessive 
quantity,  so  that  the  working  strain  shall  never  exceed  the  limit 
of  elasticity. 

SS#«  But  if  wrought  iron  changes  figure  under  the  strain  of 
gunpowder,  although  it  may  have  a  higher  tenacity,  it  ultimately 
loses  its  ductility  by  stretching,  and  thus  gradually  approaches  the 
petition  assigned  by  Mr.  Mallet  to  high  steel  and  cast  in>n — irHAattt 
a  margin  of  9aftiy.  If  any  of  the  material  is  bad  Ht  may  even 
have  been  fractured  in  some  unseen  part),  or  if  accidental  over- 
prewure  ormrs,  there  is  then  very  little  ^  work  done^'  required  to 
reach  the  breaking  point.  Xor  is  this  the  only  defe<*t  (»f  stretched 
wrought  iron.  As  compared  with  steeK  it  ha^  very  little  elasti- 
city, which  still  more  reduces  the  above  margin  of  bufcty. 
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ThnSy  although  the  rupture  of  wrought  iron  may  atfrst  require 
of  any  force  in  motion  vadtly  more  effort  than  the  rupture  of  Ateel, 
it  would  appear  that  if  the  wrought  iron  is  stretched  by  gunpow- 
der beyond  its  elastic  limit,  it  gradually  assumes  the  very  defect 
ascribed  by  Mr.  Mallet  to  steel,  although  it  may  gain  in  ultimate 
tenacity  by  stretching.  So  that  a  wrought-iron  gun  must  origin- 
ally have  a  greater  excess  of  material — a  greater  thickness  of  wall 
— ^than  steel,  because  the  strain  required  to  reach  its  limit  of  elas- 
ticity is  less ;  or  else,  it  must  deteriorate  with  use,  while  steel  will 
never  deteriorate  if  the  strains  imposed  upon  it  do  not  perma- 
nently cliange  its  figure. 

39 1*  So  long  as  the  pressure  in  a  light  wrought-iron  gun  is 
kept  below  the  limit  of  elasticity,  it  may  be  as  safe  as  a  heavy 
steel  gun.  But  the  demand  is  for  the  highest  possible  pressure 
upon  the  shot,  and  hence  upon  the  gun.  The  strain  required  to 
reach  the  limit  of  elasticity  is  much  greater  for  steel  than  for  iron, 
so  that  steel  can  endure  the  greater  pressure,  and  propel  a  given 
shot  with  the  higher  velocity,  without  a  permanent  change  of 
figure. 

SS9,  Mr.  Mallet's  reasoning  and  conclusions  are  as  foUows  :* 
'^  From  these  tables  (51,  52,  and  53)  tlie  succeeding  diagram  (Fig. 
160)  has  been  produced,  in  which  the  quadratures  of  the  four 
curves  indicate  the  values  of  Te  (foot-|>ounds  in  reaching  the  elas- 
tic limit  of  tension),  and  Tr  (foot-pounds  to  produce  rupture  by 
tension,  for  cast  steel,  harsh  strong  iron,  soft  strong  iron,  and 
wrought  iron  of  extreme  ductility  but  of  moderate  strength). 
From  d'  the  origin,  d'  y\&  the  ordinate  of  strain  in  kilogrammes, 
and  d'  z  the  abscissa  of  extension  in  millimetres.  The  curve  d*  A, 
nearly  a  right  line,  is  that  for  the  extension  of  cast  steel ;  the 
curve  d'  B,  that  for  harsh,  strong  wrought  iron ;  d'  C  the  curve 
for  soft  strong  iron ;  and  d'  D  that  for  extremely  ductile  but  not 
very  strong  iron. 

"  On  the  known  principles  of  vU  riva^  tlie  *  work  done'  in  each 
case  in  producing  these  extensions  will  be  equal  to  one-half  the 
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^[oadraturo  of  each  respective  curve.  It  is  obvious,  then,  to  the 
eje,  thmt  although  tlie  strength  of  cast  steel  (its  ultimate  cohesion) 
is  eoonnoualj  greater  than  that  of  the  very  ductile  iron,  still,  from 


Flo.  160. 


••    ■•   ■■ 


the  greater  range  of  extension  of  the  latter,  in  tlie  abscissa  d^  r, 
the  *  work  done'  in  producing  its  extension  to  final  rupture,  or  even 
its  extension  within  tlio  elastic  limit,*  is  unormouAly  in  excess  of 
that  required  to  bring  the  cast  st4*cl  ui>  to  the  iN)int  of  rupture. 
In  ftct,  in  round  numbem,  it  will  n^quiro  of  any  for<*e  in  motion 
above  50  times  the  effort  to  rupture  a  given  nection  and  length  of 
ductile  wrought  iron,  that  will  rupture  the  bo^t  and  t4)ughe^t  cast 
steel ;  while  again,  for  the  very  ductile  wrought  in>n,  it^  value  for 
Tr  is  nearly  650  times  that  for  T(%  so  great  is  the  range  or  limit 
of  woric  to  be  done  between  the  elastic  (^afe)  limit  and  that  of 
rupture, 

^  Hence  it  follows,  that  a  gun  fonne<l  of  cast  Kt4i*l  or  of  har^h, 
•trong  wrought  iron,  provided  it  ha%*e  an  enormous  suq>lus  of 

*  Tb*  mMmmml  m  to  tiw  work  done  in  produrinir  (he  •iImmoq  of  iron  aad  atMl 
r  tKim  lU  rb«ttr  Itmit  ibouU  b«  oampmnd  wiUi  Mr.  MaBmc  Ublcs  (|$)). 
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Btrength  above  the  highest  gtrain  to  which  it  is  to  be  exposed,  will  be 
very  safe ;  but  if  iU  proportions  bo  reduced  within  a  narrower  limit 
of  balancing  the  final  resistances  with  the  bursting  strain,  or  if  the 
latter  be  brought  up^  accidentally  or  otherwise,  so  as  to  approach 
such  balance,  the  cast  steel  or  the  harsh  wrought  iron  will  be  the 
most  unsafe  gun  possible,  while  in  all  cases  the  gun  of  ductile  iron 
will  be  the  safest.  This  might  be  popularly  illustrated  by  saying 
that  the  former  gun  approximates  to  one  of  enormous  strength, 
but  made  of  glass ;  while  the  latter  approximates  to  a  gun  made 
of  sufiicient  strength, — if  conceivable,  of  leather  or  india-rubber, 
or  to  the  silk-wrapped  guns  of  the  Chinese. 

^'  The  highest  possible  ultimate  cohesion  is,  no  doubt,  most  de- 
sirable ;  but  this  quality  alofie  will  not  answer  for  ordnance  (or  for 
any  other  purpose  in  which  impulsive  strains  are  concerned) ;  it 
must  be  united  wnth  the  largest  possible  amount  of  ductility 
witliin  the  elastic  range*  to  give  security ;  or,  otherwise,  security 
must  be  purchased  by  the  accumulation  of  an  inmiense  overplus 
of  materiaL^' 

SSS*  Mr.  Mallet's  conclusions  about  the  superiority  of  wrought 
*  iron  to  steel,  when  the  amount  of  material  used  is  proportioned  to 
the  ultimate  cohesion  of  the  respective  metals,  are  obviously  cor- 
rect and  useful.  But  he  appears  to  have  been  so  absorbed  in  his 
crusade  against  steel,  that  he  allowed  himself  to  found  another 
theory  against  it,  on  an  obvdous  inconsistency  in  his  own  tables. 
We  find  in  the  table  on  page  73  of  his  work,  the  following: 


Rlongmtiun  ai 
a#bftr=lU 


Caft  fted  (Englifli),  blue  temper I 

Ditto  (Morin),  mean I      -oosai 


Conv«poiM)- 
Inir  Mraln.  In 
|Miun«ls  \*vT 
8<|iwr«  IjicIl 


«.««* 


n»Ho  to  tiM 


©♦67  * 


V»lu«  of  c 

Clt-Bt  UT  rlMH- 

rilj.  In  IbtL  per 


41666750 


^  Mr.  Mallet's  Tr  =  foot-pounds  to  give  ruptun  bj  teosioo,  the  Talue  of  whicfa  does 
not  appear,  if  '*  ductility  within  the  elaatio  rangv"  is  all  thai  must  be  united  with  the 
highest  oltinste  oobesion  to  produoe  a  good  oannon  metsL 
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In  the  table  on  page  79  we  find  the  following: 
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t     Cdl    Aecl    (EBgUOi), 
bloc  ccmper 

3     Wrooghc-iroa        bar 
■     (aMtiiBam  diidUity) 


Eiteiisioo 
|irr  Qolt  of 
Irtictb  Dp  to 
ebsUe  llmtt. 


T  =  P 

Strain  p^r    !       F 
DBli  oTii-^^loB,  Siriin 
ftt  rUMkt     ,  la  too*. 
UmlL        I 


•00090 


47040 


17014 


76 


Te=:*  PI 

VaJoe  hr  nnlt 

ut  length  and 

•ecttoa. 


Djraaou. 
7  660 


CnefflHenI  of 

elmHrltr  for 

unit  uf  MvUoa. 


41666750 


15000000 


H«.  1«  ttom  ]iofio*a  axpOTlaMOU  oo  flenrv  ofdynamoimttfte  aprtofa. 

It  ia  obvioosl y  an  error  to  saj  that  of  two  steels  described  as  the 
tame,  and  having  the  same  coefficient  of  elasticity,  one  should 
elongate  within  its  elastic  limit  00222,  with  a  strain  of  93S06  lbs., 
whUe  the  other  should  elongate  within  its  elastic  limit  *0<)0-J2y  with 
a  strain  of  47040  lbs. 

Referring  to  the  latter  table,  Mr.  Mallet  remarks :  **  In  the  case 
of  tem|)ered  cast  steel,  although  the  rehistance  to  a  passive  strain' 
is  taken  as  high  as  21  tons  per  square  inch,  yet  from  the  extremely 
snail  ran^  of  extension,  tlie  '  work  done*  to  bring  it  to  tlie  limit 
of  itiK  hafc  load  is  found  t4>  be  le^s  than  that  required  for  the  soft 
ductile  wri>ught  inm,  that  will  only  bear  a  passive  load  of  about 
one-third  as  much  as  the  steel,  in  tlie  ratio  of  5*175 :  7*660/' 

Now,  instead  of  5*175,  tlie  *^  value  for  a  unit  of  length  and 
section**  will  be  52*214.  if  the  elongation  at  limit  of  elasticity  is 
taken  st  00222  inst4*ad  of  00022.  And  if,  instead  of  taking  the 
•train  at  eIa^tic  limit  ]>er  unit  of  section  at  47040  lbs.,  we  take  it 
at  W^M  lbs.,  the  value  for  unit  of  length  and  section  will  be 
1(»4*10,  which  com]>arcs  rather  more  favorably  and  fairly  with  inm 
at  7*660. 

It  U  proposed  to  consider  the  various  properties  of  cast  iron, 
wnMtght  iron,  steel,  and  bronze,  and  the  eife(*ts  of  the  various  )>ro- 
o^^f^  by  which  tliey  are  made  into  cann<in,  with  reference  to  the 
conditions  of  greatest  effect. 
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The  relations  of  elasticity  and  ductility  to  the  endurance  of 
strain  have  already  been  considered.  Since  the  ultimate  tenacity 
of  metals  approximately  indicates  their  safe  working  strain,  their 
tensile  strength  will  be  compared  in  some  detail 
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SS4«  WsASJTBss  A  Sebious  Objection. — The  chief  aignment 
against  cast  iron  as  a  material  for  an  entire  gun  made  without  regu- 
lated initial  tension,  is  its  comparative  weakness.  The  first  resort 
for  strengthening  a  gun  thus  fabricated  from  a  weak  material,  is 
to  make  it  thicker.  But  it  has  been  shown  that  mere  increase  of 
thickness,  beyond  a  point  nearly  or  quite  attained  in  practice,  does 
not  practically  strengthen  a  gun.  No  possible  thickness  will  ena- 
ble a  cylinder  to  permanently  bear  an  internal  pressure  greater 
per  square  inch  than  the  tensile  strength  of  a  square  inch  of  the 
material  (282).  Mr.  Longridge  says,*  with  reference  to  this  law, 
assuming  the  pressure  of  powder  to  be  more  than  8  tons  per 
square  inch  (he  assumes  17  tons),  and  the  strength  of  iron  to  be  8 
tons :  ^^  It  does  seem  strange  that  the  use  of  this  material  should 
be  persisted  in,  and  that  experiment  after  experiment  should  be 
made  in  search  of  that  which  is  as  impossible  to  be  found  as  the 
philosopher's  stone,  viz.,  a  means  to  make  cast  iron  alone  endure 
more  than  its  ultimate  strength." 

The  diagram  (Fig.  161)  shows  the  advantage  of  using  strong 
metal,  and  making  guns  (if  homogeneous)  and  rings  for  hooping 
guns  of  moderate  thickness,  rather  than  to  use  weak  metal,  and 
attempt  to  compensate  by  quantity  for  its  defec-t  in  quality. 
The  inner  circle  represents  the  calibre  of  a  gun ;  the  outer  arcs 
represent  tubes  for  two,  three,  and  four  calibres  in  diameter.  The 
full  tensile  strength  of  the  metal  being  represented  by  the  square 
A,  its  strength  in  a  cylinder  is  represented  by  the  areas  B,  C,  D : 
and  the  weight  of  guns  of  one«  two,  and  three  calibres  in  diam- 
eter, is  represented  by  the  numbers  3,  8,  and  15 :  and  the  addi- 
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tUHuJ  weight  to  give  the  additional  strength  corresponding  to  the 
tdrea  C,  is  represented  by  the  middle  part  of  a  ring  5 ;  and  the 
additional  weight  to  inve  the  slight 

Via     1A1 

additional  strength  represented  by  the 
area  D  is  represented  by  the  outer  part  ,      " 

of  a  ring  7.      The  only  other  resort,  / 

then,  if  the  principles  of  construction 
are  not  radically  changed,  is  to  add 
what  strength  can  be  got  out  of  a  bet- 
ter process  of  founding. 

SSS.  CoMPASATnrs  Strength. — 
An  American  cast  iron,  having  a  ten- 
ale  strength  of  49496  lbs.  per  square  inch,  has  been  quite  recently 
applied  to  cannon-founding.*  Assuming  a  sufficient  supply 
of  such  iron  of  uniform  quality,  and  that  its  contraction  when 
eooling  and  its  elastic  limit  are  favorable  for  cannon-making,  it 
is  still  a  weak  material  when  compared  with  steel  at  1<HKX)0  to 
liHNKK)  IbsL — twice  to  three  times  as  much.  But  cast  iron  does 
not  average  60000  nor  even  40000  lbs.  tensile  strength.  The 
average  of  five  samples  of  the  highest  quality,  mentioned  by 
Captain  Rodman^f  is  31000  11  w.  The  sx-stem  of  ins{>ection  of 
guninm  since  1841,  Is  also  stated  to  have  resulted  in  an  improve- 
ment of  tlie  quality  of  gun-iron  used,  from  23038  lbs.  to  37774 
Ibs.^  The  highest  tensile  strength  of  tlio  various  gun-in>n  tested 
during  a  series  of  years,  is  htated  by  Major  Wade  to  be  45970 
lbs.,    and  the  average  of  the  highest  and  the  lowest  is  274h5  lbs. 

SS#«  Mr.  liongridge  gives  the  strength  of  English  gnn-inm  at 
less  than  20000  lbs.,  and  Btates§  that  in  the  Blue  Book  of  isr>8. 


*  frooi  Um  BOlM  of  Ooloorl  IVUfleld  (id  chanc*  offtf  defenoM  of  New  Torky.  ii 
■fptfi  lliaft  thto  Iron  waa  take:  fmrn  a  6-pnuod«r  of  1000  Iha.  wviirhi,  oaat  hy  Mr.  J. 
Jchnmm,  MaPeable  Iron  Works,  SpujtMi  IhjjTel,  N.  T.  Th«  Iranila  ttreDirth  Tmriad 
(Wmi  .ir»4:0  to  49496  Iba^  at  foUowa:  893f;4.  37340.  33a;M).  42«;60.  46575.  42Cr,0. 
3O|?0,  4S471,  45044,  45044.  4&044,  4S33S,  39040.  49t9«,  35520.  40090.  46C32,  464)7H, 
4tY4S.     Tha  mrwn^  of  19  tpedmaoa  waa  41913  Iba. 

f  **RzpmflMtita  on  Metal«  for  r«nDoD,  Hr.,**  IHOi.  pp.  137-1 3H. 

t  "  lUpnrta  of  RsprrimmU  no  Ifetala  for  raonoo,'*  1(^54. 
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containing  the  Woolwich  experiments :  ^'  The  maximtim  strength 
of  cast  iron  there  tried  was  15  tons  (33600  lbs.),  tlie  minimom 
strength  4^  tons  (10080  lbs.),  and  the  average  strength  10  tons 
(22400  lbs.)  Those  experiments  were  made  upon  irons  prepared 
and  sent  specially  by  the  makers,  and  doubtless  considered  by 
them  as  the  best  for  the  purpose.  The  result  of  Mr.  Ilodgkin- 
son's  experiments,  recorded  in  his  edition  of  '  Tredgold,'  showed 
an  average  tensile  strength  of  7  to  7 J  tons  (15680  to  16800  lbs.) 
per  square  inch;  Low  Moor  iron  being  6^  tons  (14560 lbs.),  and 
Carron  iron  6^  to  7  tons.  From  the  report  of  the  '  Commission- 
ers on  the  use  of  Iron  in  Railway  Structures^  (1849),  it  ajtpeared 
that  the  tensile  strength  of  Bowling  iron  was  6  to  6J  tons  (13440 
to  15120  lbs.),  and  that  of  Low-Moor,  7  tons  (15680  lbs.)  per  square 
inch.'' 

Mr.  John  Anderson  (superintendent  of  the  Royal  Gun  Factory 
at  Woolwich)  states,*  that  ^^from  several  hundred  experiments 
made  with  the  higher  qualities  of  cast  iron,  which  were  collected 
with  a  view  to  obtain  the  strongest  iron  for  cast-iron  guns,  the 
ultimate  tenacity  was  found  to  range  from  10886  lbs.  up  to  31480 
lbs.,  or  an  average  of  21173  lbs.  per  square  inch.  This  is  consid- 
erably above  the  strength  of  the  greater  proportion  of  the  cast 
iron  of  commerce.  The  average  of  the  Nova  Scotia  iron,  Bi)eci- 
mens  of  which  have  recently  been  tested,  gave  only  15821  ll»., 
and  some  of  the  Scotch  pig-iron,  selected  at  random,  only  gave 
12912  lbs." 

In  the  discussion  on  Artillery,  before  the  Institution  of  Civil 
Engineers,  before  referred  to,  Mr.  Bramwell  said  '^  he  had  a  sam- 
ple (of  cast  iron)  which  was  broken  at  the  testing  machine  at 
Woolwich,  that  bore  19^  tons  (43680  lbs.)  to  the  square  inch  of 
section  before  it  gave  way."  Mr.  Longridge  replied  that,  *'  on  in- 
quiry, he  found  that  itl  that  instance  Acadian  charcoal  iron  was 
used.  But  in  the  same  page  of  the  pamphlet  from  which  this 
high  result  was  quoted,  there  were  instances  in  which  the  tensile 
^strength  of  the  same  iron  was  not  quite  8  tons." 

•  Journal  Rofftl  United  8eiTio9  Inst,  Augntt,  1861 
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Sff7«  The  oonstrnction  from  tuiBtrengthened  cast  iron,  of  rifled 
gUDA,  which  require  much  greater  strength  than  Bmooth-borcs, 
haa  been  generally  abandoned  on  account  of  the  weakness  of  the 
material  Mr.  Wiard  t^tates*  that  work  on  a  number  of  7.}  inch 
cast-iron  rifled  guns  (Fig.  83)  was  stopped  l)ecau8e  "  various  trials, 
at  the  West  Point  Foundry  and  elsewliere,  demonstrated  these 
guns  to  be  entirely  unreliable.'*  He  aL^>  states  that  the  80-]Kmnd- 
en  were  equally  unsuc<*e^ful,  and  that  tlie  liability  of  the  50* 
pounders  to  failure  has  induced  the  Department  to  withdraw  them 
pretty  generally  from  service.  The  shai>e  of  these  gims  was  cer- 
tainly  good,  but  the  material  was  not  trustworthy.  English  ex- 
periments on  the  rifling  of  old  and  new  cast-iron  guns  will  be 
dctaOed  under  the  head  of  Rifling  and  Projectiles.! 

Sff8,  Grxatce  8hrinkaoe  of  Stboxo  Ibons.  —  It  is  farther 


•  -Ow^  Gans,"  1863. 

t  (VJoool  KanUej  WOmot,  in  the  diaratiiion  on  the  Conntrurtion  of  Artillery,  before 
th^  Itiititutioo  of  Cinl  Enfnnoem,  in  1860,  gsTO  tl^e  following  facts  about  the  ondu- 
raoee  of  certain  oaat-iron  gunii: 

"At  the  preerat  moment  npeiiniebt^  were  tfoinic  ntAe  in  Woolwich  Arnenal,  wilh 
•  rm  which  hail  9U^\  the  following  dijK^liann^:  !'>  rf»undii  with  a  c^-linder  weighing 
fS  ;»•«  ;  )0  rotindii  with  a  crlindor  weighing  twice  6*^  IM. ;  10  roundii  wiili  a  cylinder 
wvtfh.ng  three  timee  C8  Ibc;  and  no  on  to  four  timc^  flre  tiroo^  six  timc^  and 
•rien  lioM^,  so  t'.at  the  weight  of  the  cyliii'ltT  with  thn  Ia«t  10  nnind^  was  47G  Iba^ 
the  charge  </  powiler  bring  in  all  cnffos  IC  \h*,;  mt  the  giin  was  uninjured.  Fire 
rmiiKbi  had  iince  bren  Sred,  with  the  sume  charge  of  powder,  and  a  c>  lioder  Wfigfaing 
&U  Us,  «h<ch  had  Uto  effcsn  if  dcfitrf»Ting  tho  rarria^e  of  the  gnn.  Tliis  was 
rrpa  rr-L  and  another  round  was  flrcd  of  tho  same  proportions  of  charge  and  weight 
«< « Y  ht»der.  wlien  the  giin  Immt. 

**  lie  bad  b«M  n  fumi«hM  with  the  rr«ults  of  etpenmrntu  nuidf*  with  a  Spanish  cast 
metal  tl*poimder.  8  fe«»t  U  inrh«*s  long,  and  w«-igh  ug  ii  cwt  That  gtin  was  fired, 
first  with  71  Iba.  of  powfler.  1  rhotn,  and  2  wads;  ti.en  ftith  t»  lh«.  of  powder,  2  shots, 
and  3  wadi,  at  an  elerat^im  of  10  degrees.  He  ne<<<l  hardly  ssy.  that  as  tVo  elevation 
WM  mrreaMd,  the  strain  upon  the  gun  I^K-ame  grrater  It  was  thm  flm<l  >«27  timee 
« itliOQt  Injury,  with  0  U>«.  of  powd«T.  2  sKot^.  and  3  wails ;  m*it  with  9  \h:  of  powdi^, 
2  •S'^ita,  and  2  wftda;  thrn  with  9  Umi  of  powder.  4  phots,  and  2  wofU;  continuing 
with  U*m  aame  charge  of  powder,  and  the  same  numli^r  of  wads,  up  to  1 1  and  12  «))ots, 
w^jCQ  t.^.e  g:m  waa  f  jM  to  tl»e  muule.  Su)*«4  qtirnlly.  it  waif  tri«Ht  with  12  U-.  c^^ttnt" 
der  aod  l'>  s^hiU;  15  lbs.  of  powder  and  0  iil.fits;  18  IbSL  of  pr>i»dcr  and  fl  nhoU;  21 
IKa  of  powder  and  7  thota;  21  lbs.  of  powder  and  0  slMits.  27  lbs  of  powder  and  ft 
a/ioU.  «  hen  tho  gun  waa  again  fi  Jed  to  the  mux7V.  and  then  it  burst  It  thua  took 
to  buret  that  gun  an  aggregate  of  3  tone  13  cwt.  of  powder,  2ft  tone  D  ewt  of  shot, 
and  2  uma  19  ewt  of  wads. 
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proved  that  the  strongeet  iron  does  not  always  make  the  moat  en- 
during gun.     Several  examples  mentioned  by  Captain  Rodman* 
illustrate  the  general  experience  in  this  direction. 
"  The  very  low  endurance  of  the  first  pair  (8-inch)  of  experi- 

*'Aii  American  theU-gun,  9  feet  long,  9  inchee  diameiler,  and  wei|^)ing  81^  owl, 
had  been  fired  with  the  results  gircn  in  Table  65. 

Tabu  LY. 
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10  shot 
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"  He  might  also  mention  that  a  British  32-poander  was  known  to  haye  fired,  at  the 
aiege  of  Sevastopol,  three  thousand  rounds;  and  though  the  vent  was  muoh  enlarged, 
the  bore  was  perfectly  smooth,  sound,  and  serriceable. 

**  It  is  stated,  on  the  authority  of  Sir  Richard  Dacrea,  who  commanded  the  artfllaiy 
in  the  Crimea,  that  some  GS-pounders,  lent  to  the  French,  endured  two  thousand 
rounds. 

**  Colonel  Wilford  states  that  some  of  the  siege-mortars,  fired  with  SO  Iba.  of  powdv. 
hnve  stood  two  thousand  rounds. — Jour.  Royol  C,  Service  IngL,  Jane,  1862. 

"In  the  Qreat  Ezhibitioa  of  1861  were  several  cast-iron  guna,  prodooed  aft  the 
Liege  Foundry,  Belgium,  which  wen  certified  to  Kave  withstood  th»  following  i 
ber  of  rounds  respectively: 


80>poaBder 8066  8060 

Si-poimder,  ahoct 1866  8018 

O-poander 1964  80OI 

8-toch  howttier 114T  8118 

"Several  of  the  siege-guns — 24«poander8 — used  aft  St  Sebaatian  in  1813,  are  t 
to  have  been  fired  six  thousand  rounds.''— Mallkt.  "On  t9m  Oomtirwokm  ^arOflfcry," 
18.S6. 

«  "Bzperimenta  on  ICetala  Ibr  Gannon,  etci.'*  1861,  pp.  137-1S& 
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menUl  gan«  which  were  cast  in  that  year  (1849),  was  attributed  to 
the  inferior  quality  of  the  iron  of  which  they  were  made.  Two  years 
were  B{>ent  in  searching  after  a  better  quality  of  iron,  which  was 
undoubtedly  found ;  and  in  1851  another  pair  of  8-inch  guns  were 
ca«t«  The  iron  in  this  pair  of  guns  had  a  tenacity  of  near  38000 
Iba. ;  while  that  of  the  iron  in  the  first  pair  was  only  between 
37<K)0  and  28000  Ibd.  The  solid-ca^t  gun  of  the  first  pair  burst 
at  the  85th  fire,  and  that  of  the  second  pair  at  the  7«3d  fire ;  the 
fliuperior  iron  giving  the  inferior  solid-cast  gun.  These  results, 
however,  did  not  deittroy  the  confidence  in  strong  iron  for  solid- 
cast  guns,  and  the  first  pair  of  lOinch  guns  were  made  from  the 
same  lot  of  iron ;  and  with  a  tenacity  of  37000  lbs.,  the  solid-cast 
gun  burst  at  the  20th  fire.  This  result  weakened  confidence  in 
very  strung  iron,  and  tlie  tenacity  was  reduced. 

^In  1S57,  after  guns  of  go<Kl  tenacity  had  failed  at  the  Fort 
Pitt,  South  Boston,  and  West  Point  foundries,  four  out  of  seven 
guns  offered  for  inspection  at  the  last-named  fuundiy  having  burst 
in  prooC  Mr.  Parrott,  proprietor  of  the  We>it  Point  Foundrj%  one 
of  our  m^Ht  experienced  gun-fouudcrM,  cast  his  trial  oontrac^t  guns 
of  in>n  having  a  tenacity  of  30000  to  8:000  Ib^.  One  of  these 
guns  has  endured  1000  service  charges  of  14  lbs.  powder  (SOO 
founds  with  shell,  and  200  with  shot).*' 

An  ^inch  gun  cast  in  1.^44,  of  inm  giving  a  tensile  strength  of 
M37«»  lbs.,  stood  671  fires,  while  two  guns  of  the  same  pattern,  cast 
in  Inril,  from  iron  of  37814  lbs.,  gave  a  mean  endurance  of  46 
firvii.* 

S09,  Thi4  inferiority  of  the  strongest  iron  for  guns  is  attribu- 
ted to  iu  greater  contnulion  in  cooling,  the  ofiet*t  of  which  will 
be  farther  considered.  Of  the  last  gpins  mentionefl,  the  b<^t  is 
stated  to  ha%'e  been  made  of  A/ir,  soft,  gray  iron,  of  mtMlcratc  ti>na- 
city  and  small  shrinkage.  The  iHM>rest  was  made  of  high,  hard, 
el«»«e-grained  stn>ng  iron,  having  the  greater  contractum  of  *lo  to* 
15  inch  'now  in  the  diameter  of  a  gun  than  lower  irons.  It  was 
all  mehed  and  mn  into  pigs  once,  and  a  part  of  it  remehed  before 

•  **  BmpanB  of  RspwioMati  em  MMsb  fer  Cumo^'*  ir^C,  p.  ISS. 
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being  melted  for  caBting  the  guns.  The  redaction  of  the  carbon 
by  this  process  appears  to  account  for  its  greater  shrinkage,  as 
well  as  its  greater  strength. 

360,  Cast  iron  has  perhaps  reached  its  maximam  strength. 
At  least,  as  cast  iron,  without  the  aid  of  other  ingredients  or  pro- 
eessesy  it  has  only  been  improved  by  the  discovery  of  better  ores 
and  better  mixtures.  Indeed,  one  authority*  states  that  ^^the 
quality  of  our  pig-iron  has  deteriorated  within  the  last  half  cen- 
tury. In  an  English  gun,  imported  into  America  in  1845,  the  cast 
iron  was  of  a  density  of  7*04,  and  tensile  strength  1S145  lbs.  to  the 
square  inch ;  while  other  English  guns,  imported  about  thirty  years 
previously,  contained  metal  of  a  density  of  7*202,  and  tensile 
strength  corresponding  to  28007  lbs.  to  the  square  inch."  But  the 
strength  of  steel  and  the  size  of  the  masses  produced  are  increased 
every  year. 

361,  Waitt  op  llNiFORMmr. — Cast  iron  is  not  uniform.  Cap- 
tain Hodman  says:t  ^' We  do  not  knmo^  for  example,  what  quali- 
ties of  iron  are  necessary  to  make  the  best  gun ;  nor,  if  we  did,  do 
we  know  how,  from  any  of  its  ores,  cofistanily  to  produce  iron 
which  shall  possess  those  qualities  ?^^  From  the  fact  that  high, 
strong  iron  makes  a  weaker  gun  than  lower  iron,  there  would  ap- 
pear to  be  some  uniformity,  at  least,  in  the  variation  of  iron.  But 
other  facts  mentioned  by  Captain  Hodman  warrant  the  conclufiion 
that  ^^  we  are  at  present  far  from  possessing  a  practical  knowledge 
of  the  properties  of  cast  iron  in  its  application  to  gun-founding." 
A  gun  made  by  Captain  Parrott  having  failed  at  the  169th  fire, 
the  iron,  having  a  tenacity  of  30000  to  32000  lbs.,  was  condemned 
by  him  as  too  high — ^having  too  much  contraction — for  heavy 
gtms.  From  this  rejected  inm  two  10-inch  guns  were  made, 
^^  which  have  been  fired  2452  rounds  each,  tlie  least  charges  being 
14  Ibn.  of  powder  and  one  solid  shot;  and  neither  gun  broke. 
Tlie^  guns  have  since  been  fired  1000  rounds  each,  with  18  Ibe. 
])owder  and  solid  shot,  and  neither  gun  yet  broken." 

T7ie  same  iron  is  generally  supposed  to  be  uniform  in  oontrac- 

•  •*The  UiefVil  ICeUK"  p.  913. 

t  "  Itoporta  of  Kxperiisenta  on  Metals  for  Cumoo,  •!&,'*  ISSl. 
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tion.  A  Btriking  instance  to  the  contrary  is  the  attempt  at  Wool- 
wich to  giirink  a  gun  over  a  wrought-iron  tube  (Fig.  153).  Two 
gun«  were  broken  in  the  procesB,  and  the  metal  of  the  third  shrunk 
M»  unequally,  that  the  endurance  was  limited  compared  with  that 
of  a  tube  put  without  initial  strain  into  a  cast-iron  gun  (Table 
XIII.  and  332). 

In  five  specimens  of  the  best  American  iron  mentioned  above, 
there  was  a  maximum  variation  of  IKNH)  lbs.  per  scjtiare  inch 
— a  variation  equal  to  the  total  strength  of  other  qualities.  The 
difieri'noe  in  the  strength  of  the  highest  and  lowest  American  gun- 
iron,  te^ted  during  a  series  of  yean»,  is  stated  at  30970  lbs.*  Tlie 
diireren(*c  in  the  strength  of  the  lowest  Englibh  iron  mentione<l  by 
Mr.  Anderson,  and  the  highest  American  reported  by  Colonel 
Delafield,  is  40000  lbs.  per  square  inch — a  number  given  by 
JlaKwell  f<»r  the  highest  cast  iron  of  commence. 

S#9,  This  want  of  uniformity  must  always  be  risked,  liecause 
it  cannot  be  rcme<]i(*d.  Long  experiment  indeed  enables  founders 
to  mix  orufl  with  some  degree  of  certainty  as  to  the  intended  i>ro- 
diict^  but  no  two  char{r(*s  in  the  smelting  funiace,  nor  pigs  broken 
for  n*melting,  an*  sulistantially  alike.  But  steel  and  the  more 
refincNl  metals  are,  and  obviously  should  be,  more  uniform.  Cast 
inm  is  made  from  materials  the  numl^er  and  )>ro|M>rtion  of  which 
we  do  n<»t  know.  Steel  is  made  from  materials  tlie  niunber  and 
pri»{M>rtion  of  which  are  much  more  definitely  kn4>wn  l>eforehand. 
This  was  unintentionally  admitted  by  Mr.  Al)el,  chemist  to  the 
Briti-^h  War  Department,  in  the  following  htatcment:f  **The 
chenii(*al  examination  of  a  laj^  number  of  sample's  of  ca^t  inm, 
from  diflfen^nt  S4>ur(*es,  either  as  obtaine<l  fn>ni  the  bla^t  furnace, 
or  after  rc]>eato<l  remeltings,  had  led  him  to  the  conclusion  that 
the  uniformity  of  this  material  was  to  a  great  extent  under  <*«in- 
f  n>l.  He  ha<l  examined  H{K*cimens  obtained  fron  some  of  the  heM. 
trrm-works,  and  on  comparing  with  them  samples  made,  at  inter* 
rals  of  two  or  three  years,  at  the  same  works,  he  found  tliem,  from 


•  -Btfforto  of  IUp>ri— to  oa  MMk  Ibr  Cmuiob,*'  UM.  p.  rc 
t  *'CoMtnicCkm  of  AftalWy/*  loflL  Civil  RoginMri.  ISSti. 
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a  chemical  point  of  view,  almost  identical  in  their  nature.  There 
might  be  a  variation  in  the  density,  and  other  physical  properties, 
resulting  from  the  temperature  at  which  the  metal  was  cast,  and 
from  other  circumstances,  but  the  regulation  of  such  diiTerenceB 
was  under  the  control  of  founders  and  engineers.  If^  therefore,  it 
was  found  that  cast  iron  might,  with  proper  attention  to  its  manu- 
facture, be  made  almost  perfectly  uniform,  some  faith  ought  to  be 
placed  in  that  material.  At  the  same  time,  the  important  results 
obtained  by  the  further  treatment  of  cast  iron  should  not  be  lost 
sight  of.  By  progressive  decarbonization,  it  might  be  made  to 
approach  to  perfect  steel  in  its  nature,  or  to  acquire  the  character- 
istics of  malleable  iron.  Such  conversions  could,  a  few  years  ago, 
only  be  carried  out  upon  a  small  scale,  or  by  most  laborious  pro- 
cess ;  now  they  could  be  effected  upon  a  very  large  scale,  so  that 
masses  of  the  products,  of  great  size,  could  be  produced.  Amongst 
others,  Mr.  Bessemer  had  obtained  results  which  should  not  be 
passed  over.  He  thoi^ht  they  might  prove  most  important,  par- 
ticularly when  it  was  remembered  what  had  already  been  done  in 
this  direction  by  Mr.  Krupp,  in  Prussia.'' 

That  is  to  say,  there  may  be  a  variation  in  density  and  oiher 
physical  properties  of  east  iron,  but  it  promises  great  results  when 
improvements  amounting  to  a  new  manufacture  are  introduced, 
especially  a  new  manufacture  of  steel. 

To  this  Mr.  Longridge  replied:    ^'Many  striking  instances 
might  be  given  to  show,  that  identity  of  chemical  oompomtion 
might  coexist  with  great  variation  of  physical  properties.     For 
example,  phosphorus  was  a  deadly  poison,  and  ignited  with  the 
least  friction  in  its  ordinary  state ;  yet  in  another  state,  without 
any  change  chemically,  it  might  be  swallowed  without  causing  any 
injury,  and  did  not  ignite  by  firiction.     lie  believed  there  were 
certain  compounds,  such  as  one  of  chlorine  and  naphthaline,  which 
existed  in  the  gaseous,  the  liquid,  and  the  solid  form,  and  yet  no 
chemical  difference  could  be  detected.     Therefore  he   did   not 
think  that  chemical  identity  had  much  to  do  with  the  mechanical 
properties  of  iron.     He  was  supported  in  that  opinion  by  the 
Beport  of  a  Committee  of  Chemists  appointed  in  the  TTnited 
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SUtos,  in  1849,  to  ioyestigate  this  question.  In  1851  their  first 
report  was  made,  which  was  of  a  hopeful  character.  In  1852,  it 
was  reported  that  a  decided  relation,  it  was  believed,  had  been 
observed  between  the  amount  of  uncombined  carbon  and  the 
tensile  strength  of  the  metaL  But  in  the  final  report,  in  1855, 
all  the  former  reports  were  withdrawn,  and  it  was  stated,  that 
*  though  at  first  largely  appreciating  the  extent  of  our  labors, 
the  completion  of  them  sensibly  diminished  that  estimate  of  tlieir 
usefulness.'  Therefore,  he  thought,  however  desirable  it  might  be 
to  ascertain  the  chemical  qualities  of  iron,  practical  men  were  yet 
yiery  far  from  being  in  a  iiusition  to  accept  them  as  indices  of  its 
tensile  strength.^ 

Mr.  Bidder,  President  of  the  Institution,  said  in  the  same  dis- 
eufsion:  ^*  Cast-iron  guns  had  no  doubt  occasionally  exhibited 
wonderful  results.  They  had  withstood  an  immense  amount  of 
firing  and  strain;  but  there  wan  not  any  certainty  of  uniform 
results  being  obtained.  In  one  case  a  cast-iron  gun  had  sustained 
i;»00  or  2<HK)  rounds,  whilst  another  gun,  stated  to  have  l)oen  (*ast 
from  the  same  metal  and  under  precisely  the  same  conditions,  had 
not  resisted  lor  a  single  day.'' 

Mr.  JiJin  Anderson,  in  a  paper  on  materials  for  cannon,*  says : 
^  There  are  many  instances  on  record  of  cast  iron  having  8h(»wn 
an  amazing  amount  of  strength,  toughness,  and  general  endurance, 
both  as  guns  and  in  other  constructions ;  still,  at  the  bent,  it  is  un- 
eertain,  and,  as  will  be  Hcen  hereafter,  it  is  nut  strong,  and  is  pro- 
verbially treacherous  to  depend  u)ion,  as  it  gives  no  warning  liefore 
ropCare ;  and  henoe  the  time  has  arrived  when,  for  ordnance  cs])e- 
dally,  it  seems  about  to  give  place  to  a  better  material,  either 
wn»ught  iron  or  steel,  or  perhaps  a  combination  of  both.*' 

S#S*  It  is  indeed  stated,  that  the  endurance  of  cast-iron  guns 
ran  be  pretty  certainly  predicted  upon  an  examination  of  the  mi- 
nute cracks  and  otlier  appearances  in  the  liore  after  a  certain  num- 
ber of  rounds;  and  that,  in  a  general  way,  experience  has  fiettlc<l 
the  number  of  fires  that  a  gun  will  stand.     Without  questioning 

•  JoutmI  Rogral  Trnted  Sonrice  Iiiat,  Aofosl,  ISSl 
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these  statements,  it  is  only  necessary  to  consider  that  this  informa- 
tion has  not  been,  perhaps  because  it  could  not  be,  so  far  utilized 
as  to  prevent  very  serious  losses  of  life,  treasure,  and  discipline, 
from  the  bursting  of  cast-iron  guns.  And  what  is  worse,  it  has 
failed  to  remove  that  constant  looking  for  of  disaster  which  pro- 
hibits high  charges,  high  velocities,  and  tlie  sharp  and  decisive  war- 
fare which  a  more  trustworthy  gun-metal  of  no  greater  strength 
would  render  safe  and  practicable.  Cast  and  wrought  iron  will 
bo  further  compared  in  this  respect 

S64.  Defects  in  Foundinq. — The  actual  strength  of  the  inte- 
rior of  a  thick  casting  is  far  leas  than  that  of  the  same  iron  in  a 
small  bar.  The  outside  cools  and  contracts  first,  squeezing  some  part 
of  the  liquid  or  pasty  iron  within  up  into  the  riser-head.  Takmg 
the  case  of  a  solid  cylinder:  when  the  outside  is  firmly  set,  the 
inside  begins  to  cool,  and  in  contracting  tends  to  do  three  tilings: 
1st.  It  tends  to  pull  the  outside  into  a  smaller  diameter,  but  with 
only  the  weaker  or  tensile  force  reduced  by  heat,  while  the  out- 
side opposes  the  stronger  or  compressive  resistance,  in  the  best 
form  to  maintain  it — the  arch.*  The  outside  is  then  a  little  com- 
pressed. 2d.  The  contracting  interior  tends  to  break  loose  from 
the  exterior ;  but  as  the  metal  is  cooler  and  the  section  greater 
towards  the  periphery  than  at  the  centre,  the  iron  is  but  little 
strained  in  this  direction.  3d.  As  the  inside  meets  with  these  two 
resistances  in  trying  to  get  into  a  cylinder  of  less  diameter,  its  last 
tendency  is  to  separate  in  radial  cracks.  In  every  lai^  casting 
this  result  would  actually  occur ;  otherwise  the  inside  would  be 
left  in  high  tension.  "  The  extent  of  contraction  in  a  10-inch  gun, 
cooled  as  above  supposed,  with  a  maximum  difference  of  tempera- 
ture (2700^),  would  be  about  two  inches  in  length  and  a  half  an  iniji 
in  diameter,  and  4  of  the  latter  would  be  in  a  direction  from  the 
centre  towards  the  exterior,  tending  to  split  open  the  gun.     The 


*  The  Ameriotii  solid  cant  fruns  nre  Rli^htly  oval  in  flection,  so  that  the  effects  of 
an  unyielding  arch  are  modified.  The  Dahlgren  guns  are  also  cast  mudi  larger  than 
the  finished  size,  so  that  the  metal  can  adjust  itself  to  the  strains,  in  some  degree, 
when  it  is  turned.  Sereral  of  the  11-in.  soUd-cast  guns  have  endured  1600  to  2000 
rounds. 
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abore  mippoees  an  extreme  case,  in  which  a  maximum  difference 
of  terafieratare  between  the  exterior  and  interior  ooenrs,  a  condi- 
tion which  never  exists  in  practice.  But  it  serves,  however,  to 
explain  the  law  which  governs  the  contraction  of  iron.***  In  anj 
ea«e,  the  interior  is  not  compact  and  dense. 

SCS.  Itj  as  some  authorities  state,  the  contraction  of  cast  iron 
u  greater  when  cooled  rapidly  than  when  cooled  slowly,  the 
greater  contraction  of  the  outer  part  of  the  gun  would  to  that  ex- 
tent  relieve  the  difficulty  specified ;  but  if  the  reverse  is  true — and 
upon  this  theory  Captain  Rodman  proposes  to  put  the  exterior  of 
a  gun  cooled  from  the  inside  into  tension — the  strains  described 
above  would  be  aggravated. 

S##.  The  S4>uree8  of  failure,  then,  are  as  follows :  when  the 
gun  is  cool,  a  considerable  part  of  the  tensile  strength  of  the  inside 
i»  already  employed  in  preventing  the  inside  from  contracting, 
thus  leaving  only  tlie  residue  to  resist  the  powder,  while  the  out- 
side, being  in  compression,  can  at  first  oppose  no  resistance  at  aU 
to  the  powder ;  on  the  contrary,  its  first  tendency  iA  to  help  the 
p>wder  o|)en  the  gun.  But  this  does  not  fully  state  the  case. 
The  outer  layer  of  any  tube  is  but  slightly  8tret<*hed  by  elastic  in- 
ternal pressure,  while  the  inner  layer  is  greatly  stretched — the 
amount  being  inversely  as  the  squares  of  their  diameters.  Hence, 
if  the  outer  layer  is  initially  compressed,  it  may  be  so  slightly 
elcjngated  by  the  powder  as  never  to  come  into  tension  until  the 
inside  is  actually  burst 

SS7«  The  tendency  of  the  eore  of  the  gun  to  contract  away 
from  the  outer  portitm.,  is  compared  by  Mr.  Ctmyliearef  to  build- 
ing up  a  gun  of  a  number  of  conc;cntric  wrotight-inm  rings,  by 
beating  the  second  ring  and  pbu*ing  it  within  the  exterior  ring 
already  shrunk ;  and,  when  the  ring  had  cooled,  re{ieating  the 
ofieration  with  a  third  red-hot  ring.  Such  a  gun  would  Im)  en- 
tirely destitute  of  coherence  and  strength ;  yet  this  ^  was  prei*iM>ly 
the  mode  of  proceeding  adopted  in  the  construction  of  cai»t-in>n 
ordnance  ca^t  solid  and  c<M>led  from  the  exterior.'* 

•  If  aj  If  Wa«Ut      **  R4»porU  of  RiprrioMnU  on  MeCaU  for  Cannon, **  )  ASS. 
t  InraMMjQ  oa  tbs  *'C>oaftniotkHi  of  ArtOlorf.**  loat  CkrU  Kngio9rr%  ISSO. 
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S68.  The  existence  of  strains  from  nneqnal  cooling  is  proved 
by  the  superior  endurance  of  guns  that  have  been  kept  a  long 
time  after  casting,  thus  giving  the  metal  time  to  recover  a  condi- 
tion of  repose.  Mr.  Bramwell*  thus  refers  to  the  American  ex- 
periments: "  A  gun  which  bad  been  so  kept  for  six  jears,  endured 
eight  hundred  dischaiges  before  it  burst;  while  another  gun  en- 
dured two  thousand  five  hundred  and  eighty-two  discharges,  and 
did  not  burst.  Quns  of  the  same  description,  tried  thirty  days 
after  casting,  burst,  one  at  the  eighty-fourth,  and  the  other  at  the 
seventy-second  discharge.  This  result  showed  it  was  not  impoesi- 
ble  that  the  superior  manner  in  which  guns  cast  some  years  ago, 
but  recently  used,  had  stood  their  work,  as  compared  with  those 
of  modem  make,  was  not  due,  as  was  oonmionly  supposed,  to  the 
better  quality  of  metal  in  those  days,  as  compared  with  the  pres- 
ent, but  to  their  having  been  cast  a  long  time ;  and  to  the  strains 
that  existed  in  them,  from  unequal  contraction,  when  originally 
cast,  having  ceased,  while  the  strains  in  the  new  castings  were 
still  exerting  a  prejudicial  effect.  It  was  proved,  in  the  case  of 
the  two  guns  to  which  he  had  alluded,  that  the  gun  which  bunt 
after  eight  hundred  discharges  had  a  tensile  strength  of  28000 
lbs.,  and  that  which  endured  upwards  of  two  thousand  five  hun- 
dred dischaiges  without  bursting,  had  a  tensile  strength  of  S9000 
lbs.  to  the  square  inch.  Of  the  guns  which  were  tested  thirty  days 
aft;er  being  cast,  the  one  had  a  tensile  strength  of  27000  lbs.,  and 
the  other  a  tensile  strength  of  37000  lbs.  per  square  inch  of  section. 
Both  these  recently  cast  guns  endured  a  less  number  of  rounds 
than  those  which  had  been  cast  some  years,  although  the  metal 
of  these  latter  was  much  weaker  than  that  of  the  former." 

369.  The  expansion  of  the  inner  layer  of  metal  by  the  heat  of 
firing  is,  in  the  case  of  guns  cast  solid,  a  direct  and  unqualified 
advantage.  If  carried  far  enough,  it  not  only  relieves  the  tension 
of  the  interior  and  the  compression  of  the  exterior,  but  reverses 
these  strains,  placing  the  various  layers  in  the  condition  to  be 
equally  strained  at  the  instant  of  the  maximum  elastic  presBOie. 
But  this  advantage  can  never  be  depended  upon  in  practice.     A 

•  "Constniotion  of  ArtOlery,"  InBt  G.  B.,  1860. 
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gun  may  never  atUin  the  exact  state  of  atrain  required ;  and  if  it 
doesi  it  instantly  goes  beyond  it 

S7#,  The  next  Bouroe  of  weakness  dne  to  casting  guns  solid  is, 
the  reduetioii  of  the  tensile  strength  of  the  material  A  bar  of  cast 
ifon  1  inch  square  was  cut  out  of  a  bar  3  inches  square,  and  tested 
with  a  bar  originally  oast  1  inch  square.  The  reduction  in  the 
resistance  of  the  former  bar  to  crushing  was  43  per  cent.,  and  to 
transverse  strain,  42  per  cent*  Mr.  Longridge  is  of  the  opinionf 
that  ^  in  a  mass  of  metal  such  as  was  required  in  a  68-pounder 
gnn,  the  Ioi»  of  strength  would  be  at  least  50  per  cent/'  In  a 
solid  gun  mentioned  by  Captain  Rodman,  a  sample  cut  out  near 
the  trunnion  showed  a  tensile  strength  of  44000  lbs.  for  the  out- 
side and  81000  lbs.  for  the  inside.  So  that  a  gun  unequally  cooled 
not  only  offers  the  resistance  of  but  a  part  of  its  strength  to  the 
strain  of  the  powder,  but  has  less  total  strength  than  a  gun  uni- 
i>rmly  cooled*  These  facts  are  fully  competent  to  account  for  the 
weakness  of  solid  cast-iron  guns. 

S71.  The  want  of  density  in  the  metal  of  guns  thus  cast  is 
the  suoroe  (if  another  species  of  failure.  Mr.  Mallet  thus  describes 
ita  condition  :$  '*  i^  &  casting  of  2  or  8  feet  or  more  in  diameter. 
It  is  not  unusual  (with  a  founder's  best  care)  to  find  a  central  por* 
tion  of  from  6  to  8  inches  in  diameter,  consisting  of  a  spongy  mass 
of  scarcely  coherent  crystals  of  cast  iron,  usually  in  arborescent 
masies,  made  up  of  uctohedral  crystals ;  the  whole  so  loose,  that 
upon  a  newly  cut  section  dark  cavities  can  be  seen  by  the  naked 
eye  in  all  directions,  out  of  which,  often,  single  or  grouped  crys> 
tals  can  be  {>icked  with  the  hand,  and  so  soft  that  a  shaqi  pointed 
fiufel  of  Kteel  may  be  easily  driven  into  the  mass  some  inches,  as 
if  intii  lead  or  soft  stone.*'  The  jKiorest  part  of  this  core  is  bored 
oQt  in  the  chase,  but  the  chamlier,  where  the  greatest  strain 
cornea^  is  the  worst  part  of  the  casting.  Hardness  and  density  of 
bore  are  necessary  to  prevent  enlargement  both  from  concuw^ion 
and  friction,  especially  in  the  case  of  rifled  guns.    Commander 

^•'Kt/panUCammimkmim  Raflwm/ ScrorturM,**  IMS 
f  "OnoMractloo  oT  ArttUerr,**  inrA. 

t  *-  Ob  Um  PhTiioal  Oaadiiioiia  iovolv^d  !•  U»  OoMlnieikm  of  AnUkrj/  1  SftS. 
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Scott  states,*  that  ^'  from  being  cast  solid,  gnns  were  made  with 
a  degree  of  hardness  which  was  injurious  to  tenacity,  in  order  that 
the  centre  of  the  gun  might  not  be  worn  away  by  the  rubbing  of 
the  shot."    lie  instances  certain  guns  cast  at  Woolwich. 

373.  Effect  of  Age  on  Ekdurakce. — The  metal  of  a  gun, 
thus  placed  by  unequal  cooling  in  an  unnatural  condition,  tends 
to  assume  a  natural  position  of  repose.  Three  8-inch  columbiads 
of  the  same  form  and  dimensions,  and  cast  in  the  same  way,  from 
the  same  iron,  were  tried  as  follows: — One  fired  immediately  after 
casting,  failed  at  the  72d  round ;  after  6  years,  the  others  were 
fired ;  one  of  them  stood  800  rounds,  and  the  other  2582  (368). 

S73.  Improvement  in  FouNDixo.t  Captain  IIodman'*s  Pbo- 
CESS. — The  principal  improvement  in  the  fabrication  of  cast-iron 
guns,  is  Captain  Rodman^s  process  of  cooling  them  as  far  as  possi- 
ble from  the  interior,  and,  for  this  purpose,  casting  them  hoDow. 
The  fabrication  and  test  of  these  guns  have  been  described  in  a 
preceding  chapter  (154). 

The  design  is  to  remedy  the  various  defects  of  the  old  process ; 
principally  to  obviate  the  tendency  of  solid  castings  to  be  burst  by 
their  own  initial  strains,  by  reversing  the  process  of  cooling  and 
shrinking  described  above.  Since  there  would  then  be  no  force 
opposed  to  the  contraction  of  the  inner  layers  of  metal,  except  the 
trifling  cohesion  of  the  liquid  or  pasty  mass  that  they  shrunk 
away  from,  Ist,  they  would  not  be  left  in  tension,  and  therefore, 
2d,  they  could  not  exert  any  power  to  pull  the  exterior  layers  into 
compression. 

374,  But  it  is  not  proposed  to  leave  the  metal  in  a  condition 

^  "ConBtruciion  of  Artillerj,'*  Inst  Civil  Engineers,  1860. 

f  The  Dahlgren  g^ns,  up  to  11 -in.  calibrO}  Bome  of  which  have  endured  above  3<MM 
rounds,  were  cast  solid,  but  considerably  larger  in  diameter  than  the  finished  size.  The 
heavy  Navy  guns  are  now  cast  hollow.    All  the  rifles  are  cast  without  tnumions. 

In  a  discussion  on  guns,  before  the  Franklin  Institute  (1862X  Chief-Engineer  Wood 
said  that  "Captain  Dahlgren*s  method  to  obviate  the  evil  (of  strain  due  to  unequal 
shrinkage)  consisted  m  casting  the  gun  more  nearly  in  the  form  of  a  cylinder,  then 
turning  off  the  additional  metal  on  the  exterior  which  had  caused  the  strain  in  unequal 
shrinkage,  by  having  been  first  cooled  in  the  mould.  Ills  gnns  were  cast  solid;  then 
the  interior  part,  supposed  to  be  the  weakest,  is  bored  out" — SdetU^fic  AmeriooM, 
Nov.  15,  1862. 
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of  repoee.  The  attempt  Ls  to  remedy  by  the  same  process  the 
defective  strength  of  a  hollow  cylinder,  already  considered,  viz., 
that  the  inside  is  more  stretched  than  tlie  outside  by  internal  pres- 
fare.  Captain  Kodroan  quotes  this  law  from  Professor  Barlow, 
and  says,  as  to  the  greater  endurance  of  his  hollow-cast  gun  :* 
**The  object  of  my  improvement  was  in  part,  if  not  fully  attained, 
riz.,  to  throw  the  gun  upon  a  strain,  such  that  under  the  action 
o{  the  law  of  strain,  as  stated  above,  each  one  of  the  infinitely  thin 
cylinders  composing  the  thickness  of  the  gun,  shall  be  brought  to 
the  breaking  strain  at  the  same  instant.^^ 

S7S,  The  process  of  cooling  would  then  have  to  occur  as  fol- 
lows : — Taking  any  two  of  the  infinitely  thin  cylinders  referred 
to,  the  exterior  of  the  inner  one  having  set  at  a  diameter  of  say 
2  feet,  the  interior  of  the  outer  one  would  have  to  eontrart  to 
a  diameter  somewhat  leAs  than  two  feet.  In  other  words,  a  given 
length  of  metal  would  have  to  contract  more  in  one  cylinder  than 
in  the  other,  by  the  abstraction  of  a  j^iven  amount  of  heat.  Now 
if  all  parts  of  the  iron  were  alike  in  their  composition  and  struc- 
ture, the  e«x>ling  of  all  parts  in  a  given  time  would  of  course  leave 
tlie  whole  mass  in  repose.  But  certain  experiments  are  said  to 
•how  that  ^*  the  contraction  of  the  same  iron  is  greater  or  lesi^  ao- 
rording  to  the  grenter  or  less  rapidity  with  which  it  b  cooled. 
That  whirli  c<N)ls  most  rapidly  contracts  most'^t  If  this  is  true, 
when  a  gun  is  cooled  from  within,  the  inside  is  not  only  cooled 
Unt,  but  most  rapidly,  since  the  heat  has  a  shorter  distance  to 
traveL  Uenre  the  outside  contracts  less  than  the  inside,  and  the 
outer  infinitely  thin  cylinder,  in  the  case  we  have  supposed,  instead 
of  shrinking  to  a  diameter  lohs  than  2  feet,  so  as  to  compress  the 
one  within  it,  would  tend  to  stretch  it  into  a  state  of  tension,  and, 
in  stretching  it,  to  be  itself  compressed ;  and  so  on  throughout  the 
mass,  which  is  just  the  op|N)site  state  of  strain  to  that  required. 
These  results  would  be  %*ery  minute,  but  Mr.  Longridge  has 
demonstrated  that  a  deviation  from  the  proper  tension  of  y^y  inch 


«  **  Btporli  of  Krpiriwiatt  on  IMito  Ibr  Onaon,**  ISM,  pc  211 
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in  a  diameter  of  17  inches,  reduces  the  strength  of  a  cylinder  40 
per  cent. 

576.  Other  experiments  indicate  that  a  laige  mass  of  metal 
cooling  last,  will  contract  upon  a  smaller  mass  wliich,  being  thin- 
ner, cools  first.  Mr.  Wiard  cast  a  heavy  ring  with  a  thin  bar  ex- 
tending across  its  diameter.  The  ring  contracted  upon  the  bar  so 
tightly  that  it  could  not  easily  be  broken  out  When  broken  out, 
the  bar  was  considerably  longer  than  the  space  it  had  filled. 

The  results  are  at  least  so  irr^ular,  that  it  would  be  almost  im- 
possible to  produce  theoretically  exact  strains  by  tins  method. 

577.  Another  source  of  error  arises  fix>m  the  partial  cooling  of 
the  outside  of  the  casting,  while  the  intermediate  portions  are  still 
liquid.  Major  Waders  report  on  this  subject  states  that*  '^the 
fracture  of  the  10-inch  gun,  cast  hollow,  developed  cavities  or  fis- 
sures in  the  face  of  the  fractured  surface,  near  the  front  of  the 
chase.  The  fissures  are  irregular,  presenting  in  some  parts  an 
open  chasm,  half  an  inch  wide  and  4  or  6  inches  in  length  and 
depth ;  in  other  parts  the  metal  has  a  sponge-like  appearance ;  they 
are  from  10  to  14  inches  below  the  neck  or  narrowest  part  of  the 
casting,t  where  the  iron,  in  cooling,  soonest  becomes  solid  entirely 
through  a  cross-section  of  tlie  gun.  The  position  of  the  fissures 
marks  the  place  where  the  iron  remained  longest  liquid,  in  this 
section  of  the  casting ;  for  it  is  evident  that  they  were  formed  by 
the  liquid  iron  in  this  part  descending,  to  supply  the  vacancies 
made  by  the  shrinkage  beneath.  The  mass  of  the  metal  below 
being  greater,  a  portion  of  it  continued  liquid  a  longer  period  of 
time,  and  until  after  a  cross-section  at  the  neck  had  become  solid ; 
and  this  solid  intercepting  the  descent  of  liquid  metal  from 
the  sinking-head  above,  the  shrinkage  below  could  be  replaced 
fit>m  no  other  part  than  that  where  the  fissures  are  found,  viz., 
directly  beneath  the  cross-section  at  the  neck,  where  the  metal 
first  becomes  solid  throughout." 

*^  The  area  of  that  part  of  the  cross-section  which  is  outside  of 

•  *<  Reports  of  Rxperimoata  on  ICotals  fbr  Cannon,'*  ISM,  pi  19S. 

f  The  gnn  wm  oC  tlM  old  petteni;  tbe  plaoe  nTenwl  to  is  in  Ihe  rtnr  of  the  loaf 

Baade-eweU. 
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the  itfoie,  is  A  of  the  area  of  the  whole  leotion ;  and  the  part 
within  the  fiamres  is  A  of  the  whole.  Thia  indicates  that  f^  of 
the  heat  contained  in  the  liquid  metal  escaped  by  passing  out- 
ward, through  the  exterior  surface,  to  the  mould,  bj  which  it  was 
conducted  off;  the  remaining  |V  of  the  heat  passed  inward  to  the 
core,  and  was  carried  off  bj  the  water." 

578.  The  strains  would  then  be  as  follows: — The  intermediate 
metal,  still  hot,  after  the  exterior  and  interior  had  eet,  and  after 
the  sniTOonding  parts  had  become  bo  pasty  that  it  could  receive 
no  SQpplj  of  metal  from  the  sinking-head,  or  elsewhere,  would  still 
continue  to  contract,  thus  pulling  the  parts  within  it  into  tension, 
and  the  parts  outside  of  it  into  compression,  and  itself  into  ex- 
treme  tension,  or,  in  laige  castings,  pulling  itself  apart  These 
strains  in  all  parts  of  the  lO^^in.  walls  of  a  15-ia.  gunj  would  be 
about  equal  to  the  strains  in  a  solid-cast  gun  16|  in.  in  external 
diameter,  or  about  the  size  of  the  rifled  siege-gun.  Fig.  80,  al- 
though very  much  less  than  in  a  solid-cast  gun  of  equal  size. 

579.  Some  of  the  strains,  then,  in  a  hollow-cast  gun,  are  in  the 
opposite  direction  to  that  required  by  Professor  Barlow's  formula. 
And  supposing  that  the  layers  of  a  gun  will  be  drawn  tightly  over 
each  other,  proceeding  outward  from  the  centre,  if  the  heat  is  ab- 
stracted exclusively  from  within,  the  absolute  condition  of  such  a 
result  is,  that  the  mould  shall  be  kept  at  the  temperature  of  molten 
irun  ( JTOO^)  until  the  extreme  outer  layer  of  the  gun  begins  to  fall 
below  that  point  by  tlie  abstraction  of  heat  from  within.  When 
this  oocurA,  the  temperature  of  the  mould  must  be  made  to  fall  with 
the  same  rapidity ;  for  if  it  falls  faster,  tlie  gun  will  begin  to  cool 
fitm  the  outside,  and  if  it  falls  slower,  the  stnsas  on  the  different 
layem  of  tlie  gun  will  become  irregular. 

Kurroonding  the  mould  with  a  mass  of  molten  iron  thicker  than 
the  walls  of  the  gun,  so  as  t<>  be  always  hotter  than  the  gun,  would 
ob%iously  prevent  cooling  frum  without  The  unequal  contrac- 
tion of  the  same  mans  of  iron,  by  reason  of  its  chemical  differ- 
enoes,  would  in  any  case  disturb  the  daaired  uniformity  of  strain. 

SHO,  So  that,  while  the  defect  of  rupturing  strains  in  solid  csat- 
lags  may  be  entirely  avoided  by  means  of  a  numld  that  can  be 
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heated  to  2700"^  before  the  iron  is  poured,  it  appears  impracticable 
to  put  the  outer  layers  of  metal  into  tension  r^ulated  with  theo- 
retical nicety,  by  Captain  Hodman's  process.  Even  if  this  teosion 
was  attained,  the  gun  would  lose  much  of  it  in  time,  for  it  is  wdl 
known  that  castings  lose  their  other  initial  strains  by  age  (368,- 
372).  The  results  certainly  show  a  vast  improvement  over  solid- 
cast  guns,  but  neither  the  endurance  of  the  hollow-cast  guns,  nor 
the  chaises  they  are  allowed  to  carry,  warrant  the  belief  that  the 
iron  in  them  can  be  ^^  brought  to  the  breaking  strain  at  the  same 
instant.'^  In  fact,  the  above  extract  from  Major  Wade's  report, 
shows  that  fr  of  the  hollow  casting,  being  cooled  from  without, 
was  in  the  opposite  condition  of  strain. 

381.  The  expansion  of  the  interior  of  the  gun  by  the  heat  of 
firing,  would  of  course  disturb  the  initial  strains,  but  no  more  than 
in  the  case  of  the  hooped  gun.  If  the  tension  of  the  exterior  was 
insufficient,  the  first  few  rounds  would  increase  it,  and  strengthen 
either  gun.  The  intermediate  spongy  place  in  the  wall  of  a  gun 
cast  hollow  and  cooled  from  both  surfaces,  would  allow  the  inner 
layers  of  metal  to  expand  more  without  straining  the  outer  layer, 
than  if  the  metal  were  solid  throughout  But  the  longitudinal 
strain  of  expansion  by  the  heat  of  firing,  produces  no  oompensa- 
ting  results.  This  strain  is  in  a  great  d^ree  avoided  by  strong 
steel  guns,  because  the  waUs  may  be  thin ;  and  by  hooped  guns, 
because  the  inner  tube  may  slide  within  the  hoops ;  but  the  thick 
cast-iron  wall  must  endure  its  greatest  force.  Even  if  hooped  with 
steel,  cast  iron  must  be  quite  thick  to  have  the  necessary  longito- 
dinal  strength.    (304.) 

383«  The  other  defects  of  solid-cast  guns,  are  partially  or  en- 
tirely remedied  by  Captain  Rodman*s  process.  The  sur&ce  of  the 
bore  is  the  hardest  and  densest  part  of  the  casting,  and  best  calcu- 
lated to  resist  pressure  and  abrasion.  The  tensile  strength  of  the 
metal  that  receives  the  first  shock  of  the  exploding  powder,  id 
uninjured,  because  it  is  not  drawn  like  the  interior  of  a  solid-cast 
gun.  The  intermediate  metal  is  stronger  or  weaker,  as  the  cool- 
ing is  more  or  less  carried  on  from  the  interior. 

383.  Mb.  Wia&d's  Plan. — Mr.  Norman  Wiaid,  whose  ingeni> 
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out  and  important  speculations  on  the  bursting  of  guns  by  the 
beat  of  the  firing  have  been  re- 
ferred to  in  the  for^^ing  chap- 
ter, has  received  a  large  order  for 
heavy  cannon,  baaed  upon  the  en- 
durance of  either  one  of  two  test- 
guns.  Tlie  engravings  illustrate 
the  general  features  of  his  plan, 
but  not  the  exact  proportions; 
these  arc  the  subject  of  extended 
experimenbi  and  calculations  not 
vet  jierfected. 

The  gun  is  to  have  the  same 
diameter  and  length  of  bore  as  the 
KavT  I54n.  gun,  and  about  9  in. 
greater  external  diameter,  and  is 
to  weigh  43(M>0  lbs.  The  interior 
parts  maj  be  cooled  uniformly 
by  water  passing  through  the  cores 
between  the  ribs  and  in  the  bore, 
upon  ("aptain  Rodman^s  plan. — 
The  exterior  part  or  reinforce, 
being  thicker  than  the  other  parts, 
will  crM>l  last  after  cai^ting,  and  is 
by  thU  means  intended  to  com- 
press the  barrel  with  such  force  as 
to  bring  all  parts  of  the  metal 
into  t*<{ual  strain  at  the  instant 
of  firing,  according  to  Professor 
Barlow's  formula.  Tlie  ribs  are 
curve^l  in  both  directiouf^, — firom 
front  to  rear,  and  from  the  inner 
liarrel  to  tlie  outer  hoop  or  reinforce,  so  that  they  can  ^firin^ 
enough  to  allow  the  inner  iMirrel  to  ex{>and  both  hingitudinall} . 
and  the  intention  us  radially,  by  tlie  heat  of  tiring,  without  i»criouiily 
aCrmining  the  atmctnre.     The  ribs  also  yield  during  the  process  of 


WUird'«  c«»t-ir«  ti  pn 
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Longitodiiml  aocuod  of  Wiard*8  oast- 
iroo  gun. 

Fio.  164 


.OfTr^. 


\^. 


ab'^'y 


Crow  tec  tkm  of  Wiard*8  Oftst-iroo  gun. 


casting,  uuder  unequal  contraction 
due  either  to  unequal  cooling  or 
to  chemical  differencea  in  the 
metal.  They  are  propoeed  to  be 
Btiff  enough  to  reoifit  the  preaeure 
of  the  powder,  and  Bufficientlj 
flexible  to  bend  under  the  greater 
force  of  expansion — a  force  limited 
only  by  the  ultimate  strength  of 
the  metal.  The  elasticity  of  the 
whole  structure  would  be  greater 
than  that  of  guns  without  ribs. 

384«  Firge.  This  gun  will  un- 
doubtedly cool  without  seriooa 
initial  rupturing  strains.  The 
whole  practice  in  founding,  eape- 
ciaDy  in  founding  car-wheels 
(which  a  cross-section  of  the  gun 
resembles),  warrants  this  oonclu- 
sion.  A  plain  disk  wheel,  not  an- 
nealed,* can  only  be  stretched  or 
compressed,  and  so  broken  or 
greatly  strained,  in  cooling,  and 
therefore  goes  to  pieces  under 
service.  A  gun  when  so  comig»> 
ted  as  to  bend  in  cooling  at  some 
thill  part  intended  to  be  bent,  in- 
stead of  breaking  or  being  severely 
strained  at  some  part  that  cannot 
bo  bent,  endures  more  hard  ser- 
vice than  would  be  ordinarily  ex- 
pected of  cast-iron. 

^  IfeMrs.  A.  WUitnej  k  Soni^  of  PhiU- 
delpliiA,  the  most  exteniiTe  cmi^wbeel  dmui- 
ufacturen  in  the  world,  CMt  pbln  dkk 
whMla,  which  are  aftarwaHa 
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SSff.  Sectmd,  For  the  foregoing  reasons,  the  strongest  iron 
may  be  employed.  It  has  ahreadj  been  shown  that  a  pure,  high 
iron  of  great  tenadtj,  shrinks  too  much  to  make  a  safe  casting  by 
other  plana.  Bat  cartwheels  are  cast  as  sound  from  the  highest 
and  strongest  iron  as  from  a  weaker  iron,  becanse  ample  provis- 
ion is  made  for  it  to  change  its  figure  more  or  less,  as  required, 
without  strain. 

9H%.  Third.  Upon  the  proper  tension  and  strength  of  the 
reinibroe  as  modified  by  its  large  diameter,  the  heat  of  firing,  and 
the  elasticity  of  the  parts  within  it,  depends,  after  all,  the  chief 
strength  of  the  gun. 

Comparing  the  reinforce  with  an  equal  thickness  of  metal  on  the 
exterior  of  Captain  Hodman's  gun,  the  former  is  cooled  on  all  sides 
lo  prevent,  as  far  as  possible,  unequal  shrinkage,  and  is  curved  in 
two  directions  to  prevmt  unequal  and  injurious  strain  due  to  what 
unequal  shrinkage  there  may  be.  The  latter  is  c«)oled  (in  prac- 
tk'e)  only  from  the  outside,  so  that  its  interior  surface  is  strained 
and  weakened.  It  appears,  then,  that  the  former  would  be  in  a 
better  condition  to  stand  the  tension.  In  which  can  the  tension 
be  the  better  regulated  t 

The  official  report  already  quoted  (37  s)  i^  evidence  that  the 
outer  part  uf  the  Rodman  gim  is  drawn  into  comjiremon  by  the 
subsequent  shrinkage  of  the  intermediate  metaL  It  cannot  be 
put  int4>  the  desired  tension  except  by  c<N>ling  the  gun  exclusively 
flnom  within ;  and  this  can  only  be  done  by  keeping  the  mould 
at  a  temperature  of  2700^ — a  proocbS  m  difficult  that  it  has  not 
been  realixed  in  practice.  But  there  is  nothing  to  draw  tlie  oor 
resp<ynding  part  of  the  Wiard  gun — the  reinfurec — into  <ximpres- 
sion.  All  the  parts  eni'lo^ed  by  it  have  already  coined  and  set 
In  other  words,  tlie  part  that  cim>1s  lai^t,  regulates  the  strain  of  the 
rest.  The  interior  and  the  exterior  parts  of  the  walls  of  the  liod- 
man  gun  cool  independently,  and  without  any  great  strain.  Tlien 
the  intermediate  metal  cooLs  and  puts  strains  into  tlieni  which  are 
just  op|Misite  to  those  required.     But  tlie  reinfon«  of  the  Wtard 

vw  boort  vnder  Um  liiffb««M  ti*npi>rmUin>  chat  will  nnc  dmw  tiw  dull  sT  Um  ifMd. 
tkt  mntm  wbleh  w«qM  Mmrmim  dMiroy  the  wiMeta  «•  llmi  maoTwL 
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gun  cools  last,  and,  if  it  Bhriuks  most,  mnst  compreeB  the  inner 
tube,  and  be  itself  drawn  into  tension — ^the  required  condition. 

387.  As  to  the  strain  due  to  expansion  bj  the  heat  of  firing: 
— Suppose  the  reinforce  and  the  barrel  to  be  put  under  such 
respective  initial  tension  and  compression  that  the  force  of  the 
powder  would  strain  them  equally,  and  as  much  as  they  would 
safely  bear  in  service ;  if  the  ribs  }deld  under  the  pressure  of  the 
powder,  the  barrel  may  be  stretched  to  the  breaking  point  before 
the  reinforce  is  stretched  to  the  same  point.  If  the  ribe  do  not 
yield  under  the  pressure  of  the  powder,  then  they  will  not  yidd 
under  an  equal  pressure  from  the  expansion  of  the  barrel  by  heat. 
So  that  the  expansion  of  the  barrel  by  heat,  up  to  a  pressure  equal 
to  the  pressure  of  the  powder,  will  act  directly  to  stretcb  the  rein- 
force which  had  already  been  stretched  as  much  as  it  will  bear. 
Up  to  this  point,  the  case  is  similar  to  that  of  a  solid  gim ;  beyond 
a  pressure  equal  to  that  of  the  powder,  the  ribs  may  yield  to  the 
pressure  by  heat  without  straining  the  reinforce  as  much  aa  it 
would  be  strained  in  a  solid  gun. 

But  the  barrel  will  not  be  heated  as  much  as  the  corresponding 
part  of  a  solid  gun,  because  it  is  exposed  to  the  air  on  both  ddeB^ 
and  presents  a  large  radiating  surface.  Besides,  the  longitudinal 
expansion  of  the  barrel  is  the  source  of  the  greatest  strain,  and 
this,  in  the  Wiard  gun,  is  provided  for  by  the  longitudinal  corra- 
gation  of  the  ribs. 

388.  The  larger  diameter  of  the  reinforce  is  a  source  of  oom* 
parative  weakness. 

389.  On  the  whole,  it  is  probable  that  the  barrel  and  riba  of  Mr. 
Wiard's  gun  can  be  cast  without  serious  strains ;  that  the  reinforce 
can  be  shrunk  upon  them  with  some  degree  of  tension ;  that  the 
strongest  iron  can  be  used ;  and  that  the  gun  will  not  be  serioaslj 
strained  by  heat.  The  failure  of  the  first  guns,  if  they  should  fitil, 
ought  to  be  attributed  to  the  improper  carrying  out  of  the  princi- 
ples ;  for  the  present  knowledge  on  the  subject  of  cast-iron,  however 
imperfect  it  may  be,  defines  these  principles  with  much  deamesa.* 


*  Since  the  above  wu  written,  Mr.  Wiard*8  first  gun  baring  been  oaet  vpaa  i 
which  it  waa  difficult  or  impoeaible  to  remore,  baa  not  been  bored  or  toitod.    His 
second  gun  burst  at  trial 
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!•  Shapx. — ^With  reference  to  Budden  changes  in  the  dimen- 
uf  a  gun,  Mr.  Mallet^n  theory  U,  that  the  principal  axes  of 
the  crystals  arrange  themselves  in  the  direction  of  the  flow  of  heat 
ootwards,  and  that  whenever  re-entering  angles  or  sndden  changes 
of  dimensions  occur,  planes  of  weakness  are  tlierebv  pn>dnced* 
Mr.  Longridge  is  of  the  opinionf  that  this  explanation  depends  too 
much  npon  what  appear  to  be  arbitrary  assumptions,  to  enable 
him  to  place  much  confidence  in  it.  ^^  He  has  examined  carefully 
many  cases  of  fracture  of  cast  iron,  but  in  no  instance  has  ho  been 
able  to  satisfy  himself  that  the  crystals  have  that  definite  direction 
which  would  justify  him  in  determining  thereby  a  plane  ot  weak- 
neas.  They  have  always  appeared  to  be  a  confused  mass  of  more, 
or  less,  defined  crystals,  but  certainly  not  so  arranged  that  ho  could 
ascertain  any  uniform  direction  of  what  Mr.  Mallet  calls  their  prin- 
cipal axes.*'  Mr.  Longridge  thinks,  *Uhat  without  having  recourse 
to  this  theory,  the  law  of  cooling  alone  will  fully  atH'Ount  for  the 
•ourrc  of  weakness  in  the  cases  in  question.  Wliencver  a  varia- 
tion in  thickness  occurs,  a  difference  in  the  rate  of  cooling  must 
ako  take  plac^e.  This  alone  must  give  rit«  to  a  state  of  varied 
strcM  amongst  the  particles  of  the  metal,  which,  without  doubt, 
diminishes  its  efiiciency  as  a  resisting  suWtance.  *  *  *  Take,  for 
instaiM*e,  the  accomi»anying  sketch  of  a  gun  (Fig.  1G5)  dist4>rtiKl  in 
Its  pn»{N>rtions  for  the  sake  of  illustration,  and  suppose  it  to  have 
ooole<l  down  after  cashing.  Although  in  the  present  state  of 
knowlcMlge  on  the  subject,  it  would  be  impossible  to  determine  the 
absolute  jMsition  of  the  isothermal  lines  at  any  period  of  c<M>ling, 
yet  it  is  certain  they  must  approximate  to  the  dotted  line^  hhown  in 
the  iiketch ;  and  ftiUowing  thene  lines  according  to  some  definite  law, 
would  bo  the  lines  of  equal  stress  of  the  particles  of  the  gun  when 
cold.  *  *  *  Whenever  a  change  of  dimensions  cKX7urs,tlie  cooling 
will  give  rise  to  varying  strains,  which  may  account  f »r  fnu'ture 
taking  place  at  those  |»articular  places.** 

The  shaping  of  guns  so  tliat  each  part  shall  bear  only  the 


*  *'0«  ilw  rh>«k«l  OoDditiuoa  inrolrM  \n  thi»  ConirtnirtinQ  of  Artiilory,**  18M. 
f  *-(V]MlnicUob  of  Anillenr/'  lost  (^itJ  Kagioeera,  HoO. 
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strain  imposed  upon  it  without  waste  of  material,  baa  been  well 
considered  bj  American  designers  (149).    That  it  adds  nothing  to 


Fia  165. 


Oun  distorted  to  show  the  eflbets  of  Irresnlsr  oooUng. 


the  cost  of  a  cast  gun,  ii  an  obvious  advantage  of  cast  iron  and 
bronze  over  wrought  iron  and  steeL 

S91.  Kesictahce  to  Concussiox  and  Wsab. — The  hardness 
of  cast  iron  as  compared  with  wrought  iron  and  bronze,  enables  it 
to  better  resist  change  of  shape  by  pressure  and  abrasion.  The 
chambers  of  wrought-iron  guns  almost  invariably  enlaige  under 
high  cliarges,  and  rifled  projectiles  often  cut  away  their  rifling. 
The  Parrott  cast-iron  100-pounder  has  fired  1000  expanding  (brass 
ring)  pnyjectiles  without  injurious  enlargement  or  wear. 

S99.  Wkioht. — The  great  weight  of  cast-iron  guns  for  a  given 
strength,  is  not,  in  all  cases,  a  serious  objection.  As  far  as  pre* 
venting  excessive  recoil  ii  concerned,  the  recent  improvements  in 
compressors  will  allow  much  of  the  present  weight  to  be  dispensed 
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wiUl  On  the  other  hand,  the  very  light  Bteel  gnns  of  Mr.  Kmpp 
hare  been  8et  in  heayy  cast-iron  jackets  which  add  no  strength, 
simply  to  relievo  the  recoil  This  is  chiefly  a  question  of  situation 
and  cost  In  a  fort,  a  few  thousand  pounds  increased  weight  at 
a  few  thousand  dollars  reduced  cost  per  gun,  would  be  desirable 
if  the  question  could  be  considered  independently  of  strength.  On 
the  other  hand,  an  armament  of  11-inch  gnns  is  said  to  impair  the 
sealing  qualities  of  some  of  our  lighter-gunboots  and  cruisers. 
Nor  can  such  guns  be  handled  on  small  vessels,  in  rough  weather. 

S9S.  Cost. — The  principal  argument  in  favor  of  cast  iron  as  a 
material  for  guns  is  its  cheapness,  compared  with  wrought  iron  or 
steeL  To  convert  and  shape  the  latter,  at  a  great  expenditure 
of  fhel  and  labor,  wear  of  raachineiy,  and  loss  of  material,  costs 
in  England,  where  prices  are  lowest,  from  20  to  40  cents  per 
pound ;  the  cost  of  large  guns  increasing  faster  than  their  weight. 
Melting  cast  iron,  preparing  the  moulds,  and  dressing  the  surfaces 
already  shaped,  can  be  done  for  from  7  to  13  cents  per  pound, 
which  is  a1)ont  half  the  cost  of  wrought  iron  for  a  given  calibre 
rTable  27).  But  calibre  is  not  always  a  measure  of  work.  If  cast- 
iron  gnns  will  not  stand  the  necessary  powder,  they  are  a  waste 
of  mtiney,  however  cheap.  But  if  a  fixed  sum  to  t>c  invested  in 
gnns  will  not  pun*hase  enough  of  tlie  best  to  defend  every  availa- 
ble point,  it  1%  undoubtedly  better  to  have  a  part  of  them  cheap, 
at  the  riiik  of  their  being  weak.  But  it  does  not  follow  that  they 
should  all  be  weak  because  weak  gnns  are  cheap. 

Cwi  iron  maybe  utilized,  however,  without  making  weak  guns. 
When  reinforced  with  wrought  inm  or  steel,  and  especially  when 
limed  with  $Uel  on  the  plans  described^  it  is  both  cheap  and  strong. 
On  the  other  hand,  nothing  but  the  best,  at  any  price,  iJiould  be 
placed  in  the  better  class  of  iron-clad  shi])s,  sin(*e  hero  they  not 
only  are  in  a  position  to  do  the  best  work,  but  should  make  up  in 
efficiency  what  they  lack  in  numbers. 
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Sbction  in.    Wrought  Ibok. 

S94.  Stbenqth. — ^Cast  iron  is  in  Buch  a  cmde  Btate  that  the 
number  and  proportion  of  its  deteriorating  ingredients  are  irregu- 
lar, and  in  practice  imperfectly  known,  while  wrought  iron,  being 
comparatively  refined,  is  not  necessarily  so  various  in  quality,  and 
it  is  very  much  stronger.  ^'  The  conversion  of  cast  into  wrought 
iron  by  the  removal  of  carbon  and  silicium  completely  changes  the 
characteristics  of  the  material.  It  has  lost  the  brittle  property ; 
it  now  yields  and  stretches  before  it  breaks ;  the  permanent  yield- 
ing point  is  now  higher  than  the  former  breaking  point,  and  the 
breaking  point  is  double  that  of  the  yielding  point. '^* 

B9S.  The  average  tensile  strength  of  the  best  qualities  of 
wrought  iron,  is  about  60000  lbs.  per  square  inch,  or  about  double 
that  of  the  best  qualities  of  cast  gun-iron.  The  range  of  good 
brands,  according  to  Nystrom,!  is  from  66000  to  65000  lbs. ;  ac- 
cording to  Haswel],:^  60000  to  72000  lbs. ;  according  to  Temple- 
ton,§  64000  lbs:  for  American,  and  55872  lbs.  for  English.  Whil- 
dinl  gives  the  table  (56)  of  tensile  strength : — 

Table  LYI. — ^Tsnbilb  Stbcnotr  op  Wbouoht  Ibov. 

SaliAniry,  Conn 66000  Ibt.  \ 

BeUefonte,  Pa. 58000    **  (Fnaklia  laSkMt. 

Engliih 56000    •«  ) 

Picttfield,  Maff 47000    «*  ) 


Si 


Marunec,  Mo.^ < 

•  }    53000 


43000    «  VMaj.  Wade 


According  to  Mr.  Eirkaldy,  the  highest  mean  for  English  rolled 
bars  is — 


LovMt  BlfkMt 

Ooraa  B.  Beftyf  in.  romid.. 6186^  ^SSS  ^79S 

*  Mr.  Anderson  (Superintendent  Bojal  Gkin  FnotoryX  Joomal  Bojal  United  Sarriee 
Ltft,  AuguBt,  1862. 

t  "NTStroin's  Mecbanics,'*  1863. 

t  **Rngineera  and  Mechanics*  Podcet-Book/*  1S60. 

%  **  Engineers  and  Mechanics*  Pocket  Oompanion,*'  1854 

I  "*  Sxperimenta  on  Wrought  Iron  and  Steal,**  1868. 


Wbouqht  Iron. 
The  lowest  mean  for  English  rolled  bars  is — 
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YtUiyfen  p«44M,  §  x  i  in.  Sat.. 


LffWMt 

3^79 


nifbMl. 

40977 


385S6 


Tama  LTIL— SumcABT  or  Risulib  or  Kibkaldt's  Exmnoorra*  fob  BBtnsB 

nAMMlBBD  IBON. 


LowMt 


Hl(lM«t. 


Scrap  ifoa,  Ibffed  4owa., 


Cnmk  Sufty  fcrap  iron,  cat  oat,  lenftJi.. 
4a.  4o.  4o.       4o.     .. 


I 


52665 
54070 
46450 
4J4*o 


^-   «o6  1  44453 

4o.   4a.  j  3S5SS 

4o.   4a.  !  36646 

4o.   4o 34614 


54070 

$75»6 
49671 

4456" 
44703 
40467 

40745 
.39»«3 


534»o 
55«7« 
475«» 
43759 
4457« 
3«4«7 
3I868 

36IH 


Mr.  Kirkaldy  sajs:  '^Tlie  breakin<r  strain  per  square  inch  of 
wrought  iron  is  generally  stated  to  lie  about  25  tons  for  bars,  and 
2<»  t4ins  for  plates.  This  corresiKindn  very  nearly  with  the  results 
u(  the  writer*s  exi)erinientii.**  According  to  Mr.  I).  K.  Clark,t 
the  liei^t  Yorksliire  boiler  plates  averagi*d  2o  tons  (56000  Ilni.);  the 
lK>t  Staffordshire, 20  tons(44^0<));  the  bc^nt  American, TOOoO lbs.; 
and  ordinary  American,  60<KH)  lbs.  Mr.  Clark^s  authority  as  to 
the  American  plates  is  Mr.  Zerah  Colbum. 

Mr.  AnderM>n  stato^^  that  the  average  strength  of  the  coils  of 
the  Armstrong  gun,  in  the  direction  of  their  circumference,  is 
55500  Ihs.  The  specification  to  the  makers  of  the  iron  prescribes 
a  tenacity  not  to  exceed  r>5<MH),  nor  to  fall  below  50000  lbs. 

The  forq^oing  figures  are  intended  merely  to  give  a  general 

•  *'tx\m\mmniM  00  Wroofflit  Iron  tad  (Hwel**  If^Sl 

t  *'R«oMt  Praetioe''  is  the  UteooKAkf  Kbitum.  lfl<*A 
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view  of  the  tenacity  of  wrought  iron.  Its  elasticity  and  ductility 
under  various  treatment,  and  the  qualities  adapting  it  to  partica- 
lar  usee,  are  not  measured  exclusively  by  tensile  strength,  and 
have  been  referred  to. 

996.  UNiFosMmr. — Although  there  is  a  wide  range  of  strength 
between  the  highest  and  lowest  specimens  of  wrought  iron,  it  is 
practically  much  more  uniform  than  cast  iron,  that  is  to  say,  the 
iron  for  a  given  service  can  be  selected  with  much  more  certainty. 
The  armor-plate  iron  tested  by  Mr.  £irkaldy  indeed  averaged  but 
about  37000  lbs. ;  but  it  has  been  found  that  softness  and  ductility 
are  better  indices  of  fitness  for  this  particular  service.  The  low 
strength  of  both  the  armor-plate  and  the  crank-shaft  (45670  lbs.) 
were  in  some  measure  due  to  the  process  of  manufacture — forging 
a  large  mass  solid.  This,  however,  is  an  argument  against  the 
process  only,  if  it  can  be  shown  that  any  other  process  can  utilize 
the  full  strength  of  the  material. 

On  the  other  hand,  it  appears,  from  Mr.  Longridge's  statement 
(356),  that  tlie  cast  iron  sent  to  Woolwich  for  test — each  maker 
undoubtedly  supposing  his  own  the  best  for  fiins —  varied  in 
strength  all  the  way  from  10080  to  33600  lbs.  The  mere  fracture 
of  wrought  iron  (including  puddled  steel,  which  is  in  this  particu- 
lar the  same)  affords  such  evidences  of  its  quality,  that,  by  this  test, 
the  most  uniform  products — such  as  Low-Moor  tires,  and  Erupp's 
and  Vickers'  steels — are  compounded.  Mr.  Anderson  says*  on 
this  |X)int:  Wrought  iron  "is  never  high,  nor  never  low;  on  the 
contrary,  wrought  iron  from  any  particular  maker,  who  is  careful 
in  the  manufacture,  is  found  to  be  nearly  uniform,  and,  being 
possessed  of  great  toughness,  and  being  without  brittlcness,  it  is 
exceedingly  reliable  so  far  as  its  strength  will  permit.*^ 

This,  indeed,  is  a  second  advantage  of  a  refined  metal  over 
a  crude  one.  At  each  stage  in  its  progress  its  character  is  better 
understood. 

Another  source  of  embarrassment  in  the  use  of  cast  iron — the 
unfitness  of  the  finest  and  strongest  varieties  for  guns  (358)— 

^  **  JounuU  of  the  Rqjal  Coiled  Service  InsdnitioD,*'  Asgntt,  ls*6S. 
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applies  unly  in  a  limited  degree  to  wrought  iron,  and  ariiH.*fl  from 
other  raiiMM.  In  fact,  the  wide  range  of  defecta  in  founding^ 
though  not  all  serioud  defecta  in  fabrication^  are  avoided  by  the 
ufe  of  wn)Ught  iron  and  t^teel. 

997.  Wliat  has  been  said  of  the  average  deterioration  of  C4i8t 
in>n,  during  the  last  half-ccntury«  appears  to  be  true  of  wrought 
in»n.  Mr.  IIughiM  remarks,*  that  **  writers  on  the  strength  of 
material  in  the  la<t  century  seldom  assigned  to  bar-iron  a  less 
tensile  htrength  than  8<>  tons  per  s(}uare  inch  as  the  weight  wliich 
w<iuld  tear  asunder  a  bar  of  onlinar}'  wrought  iron  1  inch  square. 
Tlius,  Emerson  gives  the  tensile  strength  of  bar-iron  at  iU  tons; 
Telford,  20-20;  Drewry,  27  tons;  while  at  the  j>n»>ent  day  Tem- 
pletim  gives  25  tons;  Beardmore,  20'S;  Brown,  25  tons;  and 
Eaton  H4i4lgkinson,  probably  from  more  careful  ex{>eriments  than 
any  other,  at  23*817.  The  iron  manufacture  of  this  country  ( Great 
Britain)  has  attained  an  enormous  development,  which,  unfortu- 
nately, has  not  been  a(*conipanied  by  a  corresjM»nding  increase  of 
quality.  On  the  contrary,  all  the  early  exi>erimenters  on  iron 
f4iund  a  greater  strength  than  is  now  {Kissessed  even  by  the  l)est 
qualities." 

S0M.  Tins  deterioration  is  attributed  to  various  cauM'S,  huch  as 
**  cunning  chemical  secret*,*'  which  enable  manufacturers  to  work 
op  infcri4»r  iron,  and  the  "'^pirit  of  ^lK?culation,"  which  in  wmie 
measure  a^'count  for  it.  But  S4>  l(»ng  as  proce>s<*s — smelting,  pud- 
dling, piling,  ikc— ^leal  with  on»  and  inm  as  if  they  were  always 
Qnif<»rm,  irreHjKH-tivc  of  chemical  differences,  just  a**  certain  sys- 
tem4  of  me<liciiie  deal  with  human  Ixnlies,  imNiKHiive  of  con^ti- 
tutional  and  intelle<*tual  diver>*itie4,  the  means  and  op]M)rtunitieft 
of  p'neral  imprifvement  will  lie  wanting,  and  any  relaxation  of 
can.*  and  f2iithfulncn.4  will  ncHv^Hurily  lead  to  the  dcterioratii^n  of 
the  pniduct.  The  K*hK*tion,  comjNiunding,  and  eliminatitiu  4>f 
materials  on  a<*count  of  their  r/umtrttl  relations  to  the  dt^innl 
n»»ult,  in  the  new  sy^tetu  of  treatment,  as  yet  but  appn^ximately 
develoiie<l  in  the  Bt^v^^Muer  procH^^s,  but  destined  to  lead  t«»  much 
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greater  uniformitj  and  certainty  in  the  adaptation  of  iron  to  its 
various  service. 

399.  Detbction  of  Weakness. — Unmistakable  evidence  of 
failure,  when  it  approaches,  is  obviously  the  function  of  gun-metal 
next  in  importance.  As  a  matter  of  professional  experiment,  tlie 
detection  of  the  coming  fracture  of  cast-iron  guns  may  undoubt- 
edly be  determined  from  minute  cracks  and  other  delicate  tests. 
But  from  the  fact  that  cast  iron  breaks  in  the  testing  machine  at 
the  instant  of  perceptible  elongation,  these  evidences  must  be 
vague  to  the  professional  observer,  and  quite  obscure  to  the  per- 
sons throughout  the  fleets  and  fortresses  of  a  country,  who  are  in 
a  position  to  decide  the  matter,  however  faithfully  they  may  be 
looked  after. 

Wrought  iron  and  low  steel  continue  to  stretch  after  the  point 
of  permanent  elongation.  Mr.  Anderson  states*  that  "from  sev- 
eral hundred  experiments  that  have  been  made  with  wrought  iron 
cut  from  bars  intended  for  the  manufacture  of  Armstrong  guns, 
the  following  result  has  been  obtained :  The  point  of  yielding  per- 
manently^  gives  an  average  resistance  of  28000  lbs.  per  square 
inch,  while  the  point  of  ultimate  rupture  gives  an  average  of  57120 
lbs.,  or  rather  more  than  double  that  of  the  point  where  perma- 
nent elongation  commences ;  the  maigin  that  lies  between  these 
two  amounts  is  of  great  importance  as  a  condition  of  satety."  In 
heavy  forgings,  the  yielding  and  breaking  points,  although  both 
lower,  were  found  to  be  in  about  the  same  proportion.  Mr.  An- 
derson says  that  "  the  average  point  of  yielding  permanently  was 
23760  lbs. — ^average  point  of  ultimate  fracture  being  48160  lbs. 
The  forgings  from  which  the  specimens  were  cut  were  all  of  high 
quality." 

The  fact  that  out  of  some  3000  Armstrong  wrought-iron  guns, 
not  one  has  burst  explosively,  or  without  giving  warning,  is  com> 
pletely  satisfactory  evidence  on  this  point.t  The  bursting  of  sev- 
eral solid  wrought-iron  guns  without  warning — the  Princetons 

*  "Journal  of  the  Royal  United  Servioe  Institution,"  August,  1862. 
f  Two  40-pounder8  are  said  to  have  burst  into  small  pieces  under  the  extraordinary 
serrice  of  preying  vent-pieoes. 
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gnn  (426),  for  instance — is  known  to  have  been  due  to  the  d<^ra- 
dation  of  the  iron  in  the  process  of  fabrication.  The  Committee 
of  the  Franklin  Institute  fonnd  by  experiment  that  the  iron  of 
this  gan  had  deteriorated  50  per  cent  during  its  fabrication,  from 
oTer-Iicating. 

4##.  This  refers  to  a  gun  made  wholly  of  wrought  iron.  The 
authorities  do  not  agree  as  to  the  use  of  wrought-iron  hoops  on 
cafft-iron  gnns.  Captain  Blakely  and  others  in  England  say  that 
its  limit  of  elasticity  is  too  low  to  allow  the  necessary  tensi(m.  If 
this  limit  is  excecde<l,  or  if,  under  constantly  recurring  strains, 
the  particles  readjust  themselves,  and  a(*quire  a  new  limit  of  elas- 
ticity, the  rings  will,  after  a  time,  cease  to  compress  what  is 
within  them.  Captain  Parrott  um^  better  iron,  nndonbtedly,  and 
finds  no  sensible  change  of  figure  in  a  wrought-iron  reinforce  after 
the  gtm  lias  been  fired  lUOO  rounds.  This,  however,  is  under  low 
pnvsnrcs  compared  with  those  that  will  lie  rcquire<I  for  pnnchitig 
tniMlom  armor. 

40 1.  Ri-yiRTANrE  TO  Compression  ani>  Wear. — One  of  the 
d<*sidcrata  for  gun-metal  is  thus  s|>ecified  by  Mr.  Anderson  in  the 
paper  )>efore  quote<i : — '*  Tliat  the  material  shall  l>e  sufficiently 
hard,  so  that  the  surfa<*e  of  the  interior  of  the  bore  shall  not  in 
any  way  be  indentin]  or  bruised,  or  otherwise  acted  upon  by  the 
p<iwdcr  or  projecttile,  or  even  by  the  premature  frairture  or  explo- 
sion of  a  cast-iron  shell  within  the  bore.*^  He  then  gives  the 
details  of  a  series  of  important  experiments  made  at  WcKilwich  to 
detennitic  the  relative  fitness  of  gun-metals  in  this  particular.  It 
i«  rpmarkable,  that  in  resistance  to  coniprcniiion,  cai»t  iron,  wrought 
inm,  and  ^trt*!,  are  more  nearly  alike  than  in  any  of  their  other 
pn»|ierties. 

**The  prc^Mire  p<;r  square  inch  which  is  re<inire<I  in  either  metal 
to  pnMince  a  permanent,  sensible  indcntaticm  or  shortening,  about 
equal  t4> I  /|«  inch  in  measurement,  ranges  from  305(N)  to  4070O Il>s.** 

^*Ten  t^]KH*imens,  parts  of  guns  of  the  highest  quality,  Imt  which 
have  Ik^u  severally  burst,  gave  35000  lbs.  |»er  square  inch ;  pro- 
ducing an  average  comprci*sion  of  jf^^  of  an  inch;  the  softest 
lieing  800(^  11m.,  the  hanlcst  4034H>  |U/* 
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^'  Ten  Bpecimens  of  rolled  wronght-iron  bara,  made  special!  j  for 
gunB,  the  specimens  being  selected  at  random  and  reduced  from 
bars  3  inches  square,  all  of  the  highest  quality  and  suitable  for 
guns,  gave  an  average  of  33000  lbs.  per  square  inch,  with  an  aver- 
age  compression  of  tAv  inch ;  the  softest  requiring  31000  Iba^  the 
hardest  85000  lbs." 

^^  Ten  specimens  of  wrought  iron,  cut  from  large  foi^gings  of 
superior  quality,  gave  an  average  of  26900  lbs.,  producing  an 
average  compression  of  t^^  of  an  inch ;  the  softest  being  22800 
lbs.,  the  hardest  81000  lbs." 

^^  Ten  specimens  of  soft  cast  steel  of  the  finest  quality,  and  that 
either  withstood  the  proof-rounds,  or  which  failed  before  the  7 
proof-rounds  were  completed,  gave  an  average  of  35500  lbs.  per 
square  inch,  with  an  average  compression  of  tAt  inch ;  the  soft- 
est being  25000  lbs.,  the  hardest  46000  lbs." 

^^  Ten  specimens  of  cast  steel  more  highly  converted  than  the 
former,  and  in  quality  almost  fit  for  cutting-instruments,  but 
which  broke  first  round  at  proof,  gave  an  average  of  76000  lbs. 
per  square  inch,  with  an  average  compression  of  jiVr  inch." 

^^  A  specimen  of  cast  steel,  cut  from  a  gun  made  by  Mr.  Kmpp, 
of  E.'^sen,  cut  from  a  gun  which  failed  at  first  proof,*  gave  25300 
lbs.  per  square  inch,  with  a  compression  of  jAt  inch." 

'^  Four  specimens  of  steel  and  iron,  welded  together  like  layers 
of  sandwiches,  gave  in  the  direction  of  the  fibre,  that  is,  pressing 
the  steel  and  iron  upon  the  edge  of  the  sandwich,  an  average  of 
26000  lbs.  per  square  inch,  with  an  average  compression  of  r  At 
inch." 

"  Four  specimens  upon  the  flat  of  the  sandwich,  thus  pressing 
the  two  metals  closer  together,  gave  an  average  of  25400  lbs.  per 
square  inch,  with  an  average  compression  of  t  At  inch." 

^^  It  will  thus  be  seen,  according  to  these  experiments,  which  were 
all  made  (m  carefully  prepared  specimens,  exactly  1  inch  in  length 
and  i  inch  in  diameter,  that  the  average  resistance  to  tAt  inch 
compression,  or  shortening*  was  as  follows :" — 

^  From  otiiM«  (131)  that  Mr.  Andartoo  doM  not  bmaIIiml 
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Tabu  LVIIL — RmsTAjrcB  or  Iboh  ajtd  8tikl  to  OoMpmnoir. 

I.  Caft  ftceL 35$oo 

«.  Call  iron 35000 

3.  Wfo«iflic*iroQ  bar 33000 

4.  Wrpofht-iron  fergingt 26^00 

5.  Sandwich  Aecl  and  iron  on  edge 26000 

6.  Sandwich  ftecl  and  iron  on  flat >$400 

7.  ICnipp*t  call  fteeU ^$300 

The  low  resistance  of  Krupp's  8teel  to  comprefiaion,  ia  the  tec^t 
of  a  fringle  specimen.  The  fact  that  the  star-gauge  showed  no 
coniprc*«sion  in  a  gun  of  this  steel,  after  3000  rounds  and  an  unu- 
sually severe  additional  test  (137),  is  evidence  of  at  least  sufScient 
hardnci«. 

'I#9»  The  chambers  of  wrought-iron  guns  have  l)ecn  perma- 
nently indented!  l>y  the  powdergaA.  In  the  paper  Iai«t  quoted, 
Mr.  Anderwm  nayn: — "In  wrought-lron  guns,  which  have  resisted 
prrM>f  i(uc(*(^««fully,  minor  defe<'tA  will  sometimes  apjtear  after  a 
number  of  onlinarj  Hcr\'i(«  rounds;  such  defects  have  required  a 
n*]ii*tition  of  chargcH  t4>  bring  them  out  into  view  for  examination, 
each  hucco^ttivc  nrnnd  acting  like  the  blow  of  an  enormous  sledge- 
luimmcr,  and  gradually  prcnlucing  an  alteration  of  form  in  the 
bore  or  in  other  parti  of  the  btructure.'*^ 

Mr.  Andemon  te>tified  Iicfore  the  Defence  Commitvion,*  speak- 
ing of  the  Armstrong  wrought-inm  g\n\^  that  "the  effect  produ(*ed 
with  high  chargeA  is  very  conniderable  in  compre^iing  the  iron, 
altering  the  dimen>iionrt  of  it.  *  *  *  In  the  larger  gun^  that  have 
yet  lN«en  trie*!,  there  U  more  effect  produced  than  in  the  nmaller 
on«'^•  •  •  •  We  find  the  larger  gunn  are  affe<*te<l  to  a  nmall  ex- 
tent ;  they  S4*lflom  (H»roe  back  fnmi  the  pnM)f  the  same  hize  that 
thry  went  away.**  In  answer  to  varioun  inquirict^,  Mr.  Anderson 
i4at<Hl  that  the  100-{N>undcr  wati  considerably  enlarge<l  in  diameter 
by  the  firwt  few  n>unds«  and  that  the  nmaller  guns  aliM)  gave  way 
to  iM>me  extent. 

4#S»  On  another  occahionf  Mr.  Anderson  said  that  he  wi^hcHl 
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to  use  a  hard  wrought  iron  to  avoid  indentation,  but  tliat  ^  the 
liarder  we  get  it,  so  the  greater  is  the  liability  to  non-welding ; 
now,  the  chances  are,  when  the  iron  is  hard,  that  some  portion  is 
unwelded,  and  then  the  powder  acts  upon  that  part  of  it,  and  yery 
soon  makes  it  appear  worse,  and  renders  it  necessary  to  with- 
draw the  interior  of  the  gun,  and  put  in  another  lining." 

He  also  said  that  ^^the  material  which  Sir  William  Armstrong 
is  inclined  to  trust  in  is  wrought  iron,  which  has  many  defects, 
one  of  its  greatest  defects  being  its  softness,  or  a  liability  to  be  in- 
dented ;  we  are  now  using  wrought  iron  with  a  capacity  of  resist- 
ing a  pressure  of  33000  lbs.  on  a  square  inch,  but  that  is  much  too 
soft;  the  capacity  of  resisting  pressure  should  be  very  nearly 
50000  lbs.  to  the  square  inch,  to  produce  a  sensible  compression ; 
still  wrought  iron  is  very  defective,  for  when  the  gun  comes  to  be 
put  t<^ther,  if  we  make  it  of  hard  material,  an  effect  which  is  pro- 
duced from  having  carbon,  which  leads  to  blistering  and  to  defects 
in  the  welding,  so  that  when  the  gun  comes  to  be  proved  the  bore 
may  be  defective,  and  has  to  be  taken  out  and  another  put  in.  In 
commencing  the  manufacture,  we  applied  to  seven  or  eight  of  the 
first  houses  for  the  kind  of  material  which  we  required,  but  none  of 
the  iron  we  obtained  was  fit  for  our  purpose ;  it  was  full  of  blisters, 
and  did  not  weld  properly,  the  consequence  being  tliat  many  of 
the  guns  had  to  be  half  made  over  again.  By  and  by  some  of  the 
makers  having  greater  aptitude  than  others  in  seeing  what  we 
wanted,  we  obtained  better  iron,  and  our  iron  is  now  tolerably 
good,  with  a  }>ower  of  33000  lbs.  to  the  square  inch  of  resisting 
compression  inside,  and  an  ultimate  tenacity  representee!  by 
57120  lbs.,  as  the  strength  of  the  iron  in  the  outward  direction, 
but  the  strength  of  the  iron  coils  in  the  lateral  direction  are  dif- 
ferent." 

Sir  William  Armstrong  said  before  the  Defen(*e  Commission,  with 
reference  to  his  own  gxin : — **  With  a  long  shot  and  such  a  chatjce  as 
would  give  a  liigh  velocity  there  would  be  risk  of  injuring  the  gun« 
The  gun  would  also  have  to  be  inconveniently  long.  If  you  fire  a 
long  shot  with  a  very  lieavy  chaif^,  you  attain  a  pi>int  at  which  the 
material  begins  to  crush:  the  metal  in  the  chamber  yields  to  the 
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preesnrc,  and  is  displaced ;  the  gun  begins  to  lose  its  form,  and 
therefore  it  is  desirable  to  keep  your  velocity  moderately  low/' 

4#4«  Table  LIX.  shows  the  permanent  enlargt^ment  of  a  40- 
poonder  (4*75  in.)  gun  made  by  Uie  Mersey  G>.,  under  117  rounds 
with  increasing  charges.  The  celebrated  Horsfall  gun  is  enlarged 
at  the  seat  of  the  charge. 

Instances  of  the  failure  of  Armstrong  guns  from  this  cause,  are 
mentioned  under  another  head.    (See  444  and  Table  64). 

Tabu  LLZ.— BzPAraosi  or  4a-rouxDKa  Rirus  mads  bt  thi  Ukbsbt  Stsbl  Ain> 

Ikon  Compakt. 

(i^mn  the  Report  of  the  Select  Committer  on  Onlmnneft,  1S63.) 
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Thr  g«a  WM  riScd  like  iKe  Armftron|  40-p(iuniJrr.  It  Sred  lOO  roondt  wiih  the  fer- 
VKC  charge  of  f  Ibt^  and  cylindcri  inirraling  in  weight  from  40  to  400  lb*.;  aJfo  17 
ioabk  fervKc  chjrgei  of  10  )b«.,  and  a  40-lh.  (h<K. 

The  htire  t»  alio  deeply  filfored  all  round  from  75  in«hct  ftvm  the  mus»le  Co  the  cad  of 
fhe  fowdeTKhambcr. 


4#8»  This  is  the  principal  olijcction  raised  in  England  against 
wniught  iron.  It  may  lM*(*ome  a  serious  AvWh'X  under  the  high 
prf»f«iiun«  which  future  guns  will  have  to  endure. 

Bat  tills  Indentation  of  the  iron  de<*rease4  its  tlii<*knc»wi  and  in- 
cresfias  its  length,  that  in,  drawn  it  as  under  a  hammer.  An  far 
at  this  ia  done,  witliout  n-dueing  its  strt^ngth,  tlie  result,  in  a  S4»Iid- 
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forged  gun,  without  initial  strains,  is  undoubtedly  beneficial,  be- 
cause it  tends  to  put  the  interior  metal  into  compression^  and  the 
exterior  metal  into  tension,  so  that  both  will  be  more  equally 
strained  at  the  instant  of  firing  (287).  But  if  the  proper  initial 
strains  have  already  been  adjusted,  as  in  a  hooped  gun,  tlie  en- 
largement of  the  interior  metal  by  pressure  or  heat  tends  to 
derange  them,  and  to  weaken  the  gun.  As  to  the  compression, 
Mr.  Anderson  says*  that  after  a  time  the  iron  becomes  set  and 
does  not  farther  enlarge,  and  that  "  it  becomes  very  hard  after  a 
little."  It  therefore  becomes  more  like  steel,  and  is  better  able  to 
resist  the  wear  of  the  projectile. 

406«  The  hardness  of  metals — ^their  resistance  to  abrasion  such 
as  the  wear  of  projectiles — approximates  to  their  resistance  to 
compression.  The  average  hardness  of  steel  is  highest,  and  that 
of  wrought  iron  lowest.  Cast  iron  is  so  well  adapted  for  this  pur- 
pose, as  to  fire  1000  rifle  projectiles  without  sensible  injury  (8o), 
The  wearing  down  of  the  grooving  in  wrought-iron  guns  is  not  of 
unfrequent  occurrence.  This  result  is  aggravated  by  the  com- 
parative purity  of  the  material  and  its  greater  corrosion  by  the 
powder-gas.  In  case  of  coils,  the  effects  of  this  corrosion,  and  of 
oxidation  when  the  gun  is  damp,  are  observed  in  the  form  of 
minute  grooves  running  with  the  grain  of  the  iron.  Tlie  Arm- 
strong multigroove  rifling  crosses  these  nearly  at  right  angles,  so 
that  the  bore,  thus  acted  upon,  would  present  a  surface  of  minute 
ridges  and  spikes.  But  steel  and  cast  iron  are  not  grooved  or  fur- 
rowed by  corrosion ;  they  are  smoothly  and  evenly  rt*duced. 

4#7.  Want  of  IIomooeneitt. — The  grand  defei*t  o{  wrought 
iron  is,  that  it  is  not  homogeneous.  The  puddling  pnKxwa  by 
which  it  is  produced,  the  piling  process  by  which  lai^  masses  are 
aggregated,  and  the  welding  process  by  which  all  parti«,  large  and 
small,  are  united,  are  all  the  means  of  interposing  strata  of  impa- 
rities and  i)lanes  of  weakness. 

408.  Welds. — Wrought  iron  cannot  be  produced  from  tlie 
pig-metal  in  larger  masses  than  puddle-balls  weighing  from  200 
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to  300  lliH.  Before  these  can  be  brought  together,  to  be  welded 
into  a  blo4>m,  the  surfaces  oxidize  and  ])revent  a  perfe(*t  union. 
Large  inast^es  are  formed  by  welding  small  pieces  to  the  end  of  a 
bar ;  the  entire  sarfacre  of  each  piece  being  exposed  to  oxidation. 
It  is  also  difficult  to  prevent  the  enclosing  of  cinder  in  some  })oints 
insteatl  of  squeezing  it  out.  Small  welds,  made  under  a  hand-ham- 
mer, with  a  uniform  heat,  are,  of  course,  much  better;  and  these  ore 
weaker  than  the  solid  bar.  Mr.  Anderson*  found  that  two  bars 
of  tlie  finest  quality  of  iron,  pro])erlj  heated  in  a  fire  free  from 
impurities,  could  be  welded  together  in  such  a  manner  as  to  be  as 
strong  as  the  solid  bar  (5<>0(M)  Hm.)  only  by  scarfing  them,  and  so 
incrt^aning  the  surface  that  the  welded  area  was  much  larger  than 
the  fractureil  area. 

^With  all  other  descriptions  of  welding,**  says  Mr.  Anderson, 
^  whii*h  I  have  yet  tested,  the  result  is  lower  than  tlie  above,  down 
even  to  12(MH)  llw.  jier  scjuare  inch,  the  same  care  having  lH?en 
oli«er%'e<l  in  every  instance.  Two  pieces  of  the  l)est  quality  of  iron 
butted  t4>gi*ther,  under  the  bt^i^t  conditions  which  I  have  Iioen  able 
to  effin-t  up  to  the  present  time,iiave  only  given  an  average  ulti- 
mate* tenacity  of  32140  lbs.  per  i^quare  inch,  which  is  only  a  little 
over  the  half  of  the  iron  bar. 

^  Iron  butt  welded  to  sti*el  under  the  lH.Nt  conditions  invariably 
breaks  at  the  weld,  and  hhows  only  an  average  te^nacity  of  2r>MN) 
lbs.  But  even  this  dei^cnds  entirely  on  the  nature  of  the  iron  and 
«tt»cl ;  any  increase  of  hardnc*ss,  or  of  the  htcely  proiwrty,  eitluT  in 
the  in»ii  or  in  the  steel,  affects  the  strength  of  the  weld  in  many 
caM*»  down  to  1<NNK)  IIni.,  and  even  still  lower. 

*^In  the  c«mstmction  of  the  Armstrong  guns,  the  bar  iron  is 
fint  wound  into  a  spiral  c<iil,  and  then  a  welding  heat  is  taken 
through  tlu*  entin;  mans,  an<l  by  means  of  a  steam  hammer  it  is 
weUh^l  into  a  homogeniH>us  eyliiider.  With  in>n  i»f  the  very  In^t 
quality  whieh  we  have  as  yet  lNH*n  able  to  obtain,  tiie  highot 
av€*m^e  tenacity  of  the  welding  of  the  i*4>il  has  bt^en  32140  lbs. 
per  square  inch,  the  iron  U^ing  r>r>5<Ni  Ib^. 

*  "  Jconul  of  the  Rural  Uoi(««>i  Scnrio^  loiiiituiMm,*'  AttinAnt,  \H*»1 
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^^  With  other  iron,  alBo  of  a  high  quality  and  of  a  Btill  greater 
tenacity,  tlie  welds  have  been  lower  down,  even  to  10000  lb*,  per 
inch ;  hence  such  iron,  however  strong,  is,  from  the  steely  prop- 
erty, unsuitable  for  being  made  into  coils ;  the  defect  being  due 
to  the  relnctance  shown  by  harder  and  stronger  iron  to  unite  when 
raised  to  a  temperature  that  will  not  otherwise  injure  the  quality 
of  the  material,  and  cause  it  to  blister." 

Mr.  Kirkaldy  concludes*  that  ^^  a  great  variation  exists  in  the 
strength  of  iron  bars  which  have  been  cut  and  welded;  whilst 
some  bear  almost  afi  much  as  the  uncut  bar,  the  strength  of  others 
is  reduced  fully  a  third." 

4#9.  Shape. — A  solid-forged  gun  may  be  turned  down  to  the 
Dahlgren  form  (see  Ames*s  gun,  129),  so  as  to  have  the  greatest 
strength  with  the  least  weight.  The  cost  of  this  operation, 
although  considerable,  is  much  less  than  that  of  turning  the  rings 
of  a  built-up  gun,  without  and  within. 

41#,  The  outline  of  a  hooped  gun  is  almost  necessarily  a  series 
of  sharp  curves  and  right  angles.  The  weakness  already  explained, 
of  cast-iron  guns  with  re-entering  angles,  is  obviously  due  to  the 
process  of  easting,  and  would  not  apply  to  a  built-up  gun.  It  is 
well  known,  however,  especially  in  the  case  of  railway  axles,  that 
a  sharp  shoulder  turned  in  a  bar  of  iron  or  steel  subjected  to  con- 
tinuous shocks,  is  a  source  of  weakness,  and  the  almost  certain 
starting  point  of  a  fracture.  So  far  as  the  fractmre  arises  from  the 
imequal  vibration  of  the  adjacent  parts,  there  would  appear  to  be 
no  difference  between  forming  these  shoulders  by  turning  a  large 
bar  down  to  different  diameters,  and  building  a  small  bar  up  to 
the  same  diameters  by  shrinking  on  rings.  A  railway  axle  is  a 
beam,  and  the  staves  of  which  a  cannon  may  be  supposed  ti»  con- 
sist are  beams,  and  therefore  subject  to  the  same  sources  of  weak- 
ness. Still,  the  practice  with  wrought-iron  guns  does  not  yet 
appear  to  have  demonstrated  any  particular  tendency  to  fi-acture 
at  the  junction  of  a  larger  with  a  smaller,  cylinder.  Perhaps  the 
large  guns  thus  constructed  have  shown  a  tendency  to  fail  in  other 

*  "  Experiments  on  Wrought  Iron  and  Steel,"  1862. 
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place8  before  there  was  time  for  tliis  Boarce  of  failure  to  develop 
itc^'lf.  The  reinforce  of  the  Parrott  100-poander  is  6*4  inches  lar- 
ger in  diameter  than  the  cast-iron  barrel  within  it,  and  hence 
vibrates  much  more  slowly  under  a  given  shock ;  and  it  joins  the 
barrel  at  a  sharp  angle.  No  fracture  occurred  at  this  junction  or 
eW^where,  after  10()<)  rounds  with  service  charges ;  and  it  is  stated 
by  Captain  Parrott,  that  the  few  guns  of  IiLa  that  have  burst  did 
not  fail  at  this  point.     (See  note  in  Appendix.) 

411.  WEioirr. — Tlie  saving  of  weight  by  substituting  wrought 
for  cast  iron,  is  theoretically  about  in  pro])ortion  to  the  respective 
strength  of  the  two  materials.  Wn>ught  iron  has  tlie  greater  s()e- 
cific  gravity ;  on  the  other  hand,  iU  tensile  strength  does  not  fully 
measure  its  resis^tance  to  internal  pressure.  Practically,  large, 
•olid  wroiight-inm  guns  are  not  pro])ortioned  by  tliis  rule,  bec^ause 
the  strength  of  a  bfir  cannot  be  relied  on  in  a  gun — that  is  to  say, 
the  prvKVtis  of  welding  a  stnmg  metal  is  rather  less  trustworthy 
than  that  of  casting  a  weaker  one.  Tlie  13-inch  Horsfall  wrought- 
iron  gun  carries  a  279  lb.  shot  with  74  lbs.  of  powder.  The  15-inch 
Rodman  cast-in>n  gtm  carries  a  425  lb.  shot  with  i)0  lbs.  of  {K>wder. 
So  that  the  strains  on  these  guns  cannot  differ  in  a  very  great 
degn-o.  Tlie  former,  with  a  tensile  strength  of  50000  ll)s.,  weighs 
5384«>  1Im.«  while  the  latter,  with  a  tensile  strength  of  say  3<hKK) 
n»«.,  only  weighs  40hN>  Hh.  Tlie  Alfnnl  10-in.  wnnight-iron  gun 
weiglis  24^>04  IIm,  and  has  lMH*n  fire<l  only  witli  20  and  80  |>ounds 
of  |Miwdc*r,  although  it  is  undoubtedly  coniiwtent  to  stand  50  lb. 
^•rvii*<>  chargr^^.  The  new  10  inch  cast-iron  Dalilgren  gun  wciglis 
l€*Hi  than  2<NNK)  11m.,  and  for  mine  time  st<N)d  47  lb.  service  chargi*s. 
Tlie  l<^inch  R^nlnian  aniiy  gun  weighs  15059  lbs.,  and  bums  18 
n>«.  of  |M>wd<'r.  In  the  built-up  form,  wrrmght  iron  is  more  trust- 
worthy,  and  ran  lie  niadt*  lighter,  although  weight  is  n<it  reduced 
in  pro|Mirtion  Uf  teuMlc  >trcn^tli  in  the  Mualler  Aniistrong  guiii«. 

Till*  ftoun-e  of  enil)arni>*^nicnt  {•*  avoidtnl  by  the  use  of  c*a^t  stet»l, 
which  is  not  only  stronger  than  wnmght  iron,  but  homogeneous 
aiid  uitliout  wehls. 

4I9,  (*«iKT.--Tlie  cost  of  large  wrou^lit-in>n  cannon  U  alxnit 
double  that  iif  cast-iron  cannon  of  the  same  calibre,  or  of  the  same 
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power,  when  (because  welds  cannot  be  trusted)  equal  weights  of 
material  are  used  in  both  cases.     (See  Table  27  of  Cost  of  Onus.) 

In  fabricating  guns,  the  first  necessity  is  the  pn)duction  of  a 
lai^  mass  of  material.  While  melted  cast  iron  and  steel  run  into 
castings  of  any  size  by  their  own  gravity,  wrought  iron  is  not  melted 
at  a  practicable  heat,  so  that  a  new  process  must  be  resorted  to.  If 
the  gun  is  forged  solid,  the  process  consists  in  adding  a  little  at  a 
time  under  the  hammer,  and  trimming  off  a  great  deal  of  scrap. 
Seven  weeks  were  occupied  in  forging  the  Ilorsfall  gun.  If  the 
gun  is  built-up,  small  pieces  are  fitted  together  by  tools,  at  a  still 
greater  cost.     When  all  this  is  done,  it  is  not  homogeneous. 

Refining  and  strengthening  the  material  is  substantially  a  Eicpa- 
rate  operation.  Steel  is  drawn  and  condensed  after  the  mass  has 
been  formed ;  wrought  iron,  before.  The  inventions  of  Bessemer 
and  otliers  are  constantly  reducing  the  cost  of  forming  steel  masses 
from  the  pig-metal,  by  substituting  chemical  processes  that  require 
very  little  aid  from  hands  or  tools.* 

413.  Systeois  of  FftbricaUns  l¥roBffki-Iroii  Onus.  Solu> 
FoBOiKO. — The  defects  of  this  process  have  been  alluded  to.  The 
first  and  most  serious  is  the  liability  to  imperfect  welds  between 
the  great  number  of  pieces.  Were  the  pieces  fitted  to  each 
other,  uniformly  heated,  and  sufficiently  pressed  together,  the 
welds  between  raw  iron,  after  a  large  amount  of  subsequent  com- 
pression would  be  good.  It  has  been  found  that  large  pieces  of 
refined  iron  do  not  weld  soundly  by  the  rolling  or  forging  process. 
Old  railway  rails  of  the  finest  quality  when  reroUed  into  new  rails 
without  a  large  admixture  of  raw  iron,  are  usually  very  unsound. 
Tliere  does  not  appear  to  be  either  cinder  or  pressure  enough  to 
insure  a  thorough  union.f  The  blacksmith  makes  an  artificial 
cinder  to  unite  refined  irons,  and  the  compression  from  the  blow 
of  his  hammer  is  neater  in  pn>portion  to  the  mass,  than  that  of 

♦  Low  utoel,  formed  hy  carbonizing  wrou^t  iron  or  by  deoarbonizing  |ng  iron  by 
the  Bessemer  proceM,  is  often  eaiied  wrought  iron,  because  it  is  not  hard  like  hi|rh 
•teel.  But  it  much  more  cloeely  reaemblce  hi|^  steel  than  wrought  iron.  Low  Ktcrl 
produced  by  the  puddling  process  may  be  more  reasonably  culled  high  wrought 
iron. 

t  '*  European  Railways,"  Colbura  k  UoUey,  1858. 
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the  mafhinpiy  employed  for  heavy  work.  lie  can  also  be  very 
euu't  al>out  his  heats.  Cast  iron  has  the  maximum  amount  of 
cinder;  two  pieces  of  it,  heated  to  welding,  that  is,  to  the  melting 
point,  unite  perfectly.  Two  raw  puddle-balls  weld  soundly, 
althongh  the  mass  would  be  weak  throughout  in  tlie  absence  of 
fitfther  drawing. 

Mr.  Roebling*  refers  to  the  same  subject,  in  stating  hU  inge- 
nious theory  to  account  for  the  weakening  of  wfoughtinm  j^truc- 
tnres  under  vibration — yi2. :  the  loosening  of  the  iron  threads  and 
lamnup  in  tlieir  cinder  envelopes. 

414,  The  importance  of  forming  the  mass  l>efore  the  inm  is 
purilied  and  the  cinder  expelled,  is  therefore  evident.  Puddle- 
balls  cannot  well  be  handled  if  above  300  or  400  lbs.  weight. 
If  100  of  ihoi^  could  ))e  forged  at  once  into  a  ma<s,  and  after- 
wards worked  into  a  gun  in  such  a  way  as  to  expel  the  then  su]>er- 
floous  cinder,  the  product  would  be  more  homogeneous  and  trust- 
worthy. 

4 15,  Tlie  slabs  or  bars  of  which  a  lai^  gun-for^ng  is  com- 
p  «e<K  are  not  fitted  beforehand.  Tlie  flat  sides  of  two  slabs  may 
lie  houndly  weldt^d,  but  the  irregular  edges  and  ends  do  not  always 
liap|M«n  to  l>e  pre>M><l  t4»gt*ther  hard  enough  to  niake  sound  work ; 
fco  that  there  are  scarf-welds,  butt- welds,  and  no  wehls,  or,  rather^ 
Mrams  between  parts  that  either  do  not  t4»uc*h  at  all,  or  are  only 
•*turk  ti»gether  by  cinder  (426).  The  tendency  ot  the  drawing 
pnKH»<^  under  tlie  hammer  or  the  n>lls  is  to  Miuee;:e  out  cinder. 
But  if  the  e<lges  of  a  slab  liapfK^n  to  l>e  unitcnl  to  the  ma^s  bt^Airc  the 
centfp,  an  exc4*M  of  cinder  is  hhut  in  and  prevents  a  farther  union 
of  the  mc'tal.  Large  ra%-ities  arc  S4>nietimes  left  in  such  forgingn. 
If  the  forgings  are  farther  drawn,  under  the  hammer  or  n>Ils,  thcM* 
niyiti<*s  are  n(»t  only  flattened  int4>  long,  wide  seams,  but  the  seams 
run  in  the  dircM'tion  of  the  grain,  thus  weakening  a  gun  at  the 
point  m4»«t  strained  by  internal  pressure. 

4l#,  The  welding  tem{»erature  of  various  irons  is  not  always 
the  same.     One  part  may  be  burned  before  another  is  sufficiently 
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softened.  Or,  the  small  elabe  may  reoeire  much  more  heat  from 
the  fire  than  the  lai^  mass.  Mr.  Clay,  of  the  Mersey  Steel  and 
Iron  Works,  says  on  tliis  point,*  speaking  of  scrap-iron,  tliat  vari- 
ous qualities  of  iron  all  have  their  own  special  welding  pointa 
^'  When  worked  together,  one  portion  that  is  less  refined  is  too 
much  heated,  and  consequently  deteriorated,  l)efore  the  more 
highly  refined  portions  are  at  a  welding  heat,  and  we  are  thus 
placed  in  the  awkward  dilemma  of  either  burning  the  one  or  of 
being  unable  to  weld  the  other." 

417.  By  the  solid- forging  process  a  great  body  of  iron  is  kept 
red  hot  or  white  hot  for  weeks.  The  Committee  of  the  Franklin 
Institute,  in  a  report  on  the  failure  of  the  United  States  frigate 
PAncetmCH  wrought-iron  gun  (426),  mention  this  as  a  cause  of 
weakness.  Mr.  Longridge,  however,  dissents  from  tliis  view  of 
the  case,t  inasmuch  as  he  does  not  believe  that  long  exposure  to 
heat  alone  will  deteriorate  the  iron,  nor  that  any  amount  of  ham- 
mering will  restore  its  fibre."  Mr.  Kirkaldy's  conclusion  on  this 
subject  is,  that  ^^  iron  is  injured  by  being  brought  to  a  white  or 
welding  heat,  if  not  at  the  same  time  hammered  or  rolled.*'*  The 
finished  part  of  a  large  forging  is  ke])t  at  a  high  heat  without  be- 
ing again  brought  under  tlie  hammer. 

The  defect  under  consideration  is  admitted  by  Mr.  Clay,  who 
says  :t  ''  The  change  in  the  structure  of  a  mass  of  iron,  when  it 
occurs  during  the  process  of  heating,  is  usually  produced  from  the 
furnace  being  urged  to  a  much  greater  heat  than  is  necessary  ft>r 
welding  tlie  iron ;  in  fact,  the  outside  first,  and,  if  the  heat  be  not 
checked,  the  whole  of  the  mass  is  reduced  to  a  pasty  or  partially 
fluid  condition.  Tlie  stnicture  of  the  iron  is  thus  entirely  changed, 
and  in  the  process  of  cooling  tlie  mass,  crj^stallization  takes  place 
in  the  same  manner  as  with  other  sul>stanoe8  which  crystallize  in 
passing  from  the  fluid  to  the  solid  state.  Under  these  circum- 
stances the  iron  may  be  injured — in  other  words,  it  may  be  bumotl ; 
but  we  are  not  to  suppose  that  such  a  result  is  either  inevitable  or 


*  "Ezperimenta  od  Wrought  Iron  and  Steel/*  Kirkaldj^  1861 
t  "CooBtnictioQ  of  Artillery,'*  Inst  Civil  EnginMn,  ISsa 
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by  Any  meMis  common ;  on  the  contrary,  the  heat  nececKiar}*  to 
produce  the  evil  is  witli  difficulty  obtained  in  an  ordinary  furnace, 
under  the  mo6t  favorable  cin!um0tances/^ 

418,  The  grain  of  the  iron,  in  a  8olid-forged  gun,  runs  in  the 
wn>ng  direction.  The  greatest  strain  acts  in  a  radial  direction. 
The  greatest  strength  is  in  a  longitudinal  direction.  The  mean 
breaking  strain  of  hix  pieces  cut  lengthways  from  a  heavy  crank- 
shaft* was  found  by  Mr.  Kirkaldy  to  l>e  47382  lbs. ;  from  another 
crank-shaft,  43.*! 79  ll)s.  The  breaking  strain  of  six  pieces  cut  croi«* 
ways  from  the  fin^t  shaft  was  445 7H  lbs. ;  ft*om  the  other,  38487 
IbA.  The  difference  in  favor  of  those  cut  lengthways  was  in  the 
two  shafts  respectively,  30<)4  and  5272  lbs.,  or  G*7  and  13*7  per 
cent  Similar  results  were  observed  from  iron  cut  lengthways  and 
cninsways  from  an  armor-plate. 

The  ex|iGrinients  of  Mr.  MaUet  on  '*  The  Coefficients  of  Elasticity 
and  Rupture  in  Mat^ive  Forginpt/^f  sliow  that  **  as  regards  rela- 
tive n*sistance  to  tension  in  different  directions  within  the  same 
hkTpe  mass  of  furginl  iron  of  cylindrical  form,  and  within  the  elas- 
ti«*  limits,  the  rei^istance  end  on,  or  in  the  line  of  the  axis,  is  10^ 
tons,  tangential  to  the  circumference,  0  Uins,  and  transverse  to  the 
axL<.  or  in  any  <liameter,  3^  tnis  \)er  wiuare  inch ;  while  in  heavy 
r^rfii fibular  fi>rged  slabs  of  upward  of  12  inches  in  thickncsrt  in 
the  plane  of  the  tJab,  it  rises  to  h]  tons  |ier  i^piare  inch  for  equal 
i^-tions.^  Mr.  Mallet  attribute's  the  differvnoc  in  strength  to  the 
difference  in  molecular  arranginncnt.  ^  The  integral  cn*stals  of 
the  cylindrical  masses  are  strained,  diMorted,  and  (Hirtially  sepa- 
rated, by  the  effec'ts  of  hammering  in  various  directions,  and  by 
the  |ieculiar  constraining  fon.x*s  due  to  contracticm  in  cxMiIing. 
None  of  these  forces  act  to  the  same  extent  u\Hm  rectangular 
maMics,  which  are  only  hammere<l  in  two  directions,  and  the  con- 
titraining  f(>rc(*s  of  cooling  are  all  parallel  to  the  faces  of  the  paral- 
lekipi|)ed,  or  in  th(*se  directions  also.^^ 

4|9,  Another  defect  in  the  ui%ual  process  of  forging  wronght- 

•  *'  KiprriiMiiiu  oo  Wrooght  Iron  and  Str<>L'*  \Mt. 

f  Pftr  btlbr*  Um  Innttutioa  oT  CivU  KDmn^^r^  lUrch.  tS&9. 
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iron  guns  is  due  to  the  light  blows  of  small  hammers,  which 
compress  only  the  shell  of  the  mass,  and  are  not  felt  at  its  centre. 
Steamboat  shafts  thus  made  prove  defective;  but  the  results  are 
peculiarly  bad  in  the  case  of  guns. 

First,  Only  the  skin  of  the  iron  is  soundly  worked  and  con- 
densed. It  was  ascertained  by  Mr.  Kirkaldy*  that  the  difference 
in  the  breaking  strain  between  specimens  cut  from  the  outside  of 
a  marine  crank-shaft,  and  specimens  cut  from  its  centre,  was,  in 
one  case,  3221  lbs.,  or  6*5  per  cent.;  in  another  case  1141  lbs.,  or 
2*6  per  cent. 

Second.  The  otitcr  part  of  the  forging  is  sometimes  expanded 
and  thus  drawn  away  from  the  centre,  leaving  the  interior  weak- 
ened, or  actually  cracked — the  exact  state  of  a  solid-cast  gun. 

Third.  Tlie  inner  part  of  the  gun  is  left  in  tension  while  the 
outer  part  is  in  compression,  which  is  the  opposite  state  of  strain 
to  that  required.  This  defect,  however,  is  the  result  of  inadequate 
machinery,  and  does  not  necessarily  follow  the  use  of  wrought 
iron,  or  even  of  solid-forged  masses  of  wrought  iron. 

Mr.  Clay  testified  as  follows  before  the  Defence  Commission- 
ers,t  in  answer  to  the  inquiry  if  the  limit  of  manufacture  was 
not  reached:  "Certainly  not  with  our  present  machinery.  We 
made  that  13-inch  gun  with  machinery  as  inferior  to  our  present 
machinery  as  the  6S-pounder  is  less  in  size  than  the  13-inch  gun. 
We  have  now  machinery  five  or  six  times  as  powerful." 

490,  The  initial  strains  of  large  cylindrical  forgings  are  to 
some  extent  deranged  by  a  cause  that  operates  so  unfavorably  in 
solid  cast-iron  guns — the  cooling  of  the  exterior  first,  and  the 
consequent  stretching  of  the  interior  (364).  Mr.  Clay  acknowl- 
edged this  difficulty  l>efore  the  Defence  Commissioners,  and  btated 
that  his  new  process — hollow  forging— overcame  it  (429).  Such 
a  result  actually  occurred  in  the  case  of  the  Ilorsfall  gun  (113). 
A  breech-plug  or  false  bottom  was  placed  in  the  chamber,  to 
cover  a  crack  arising  from  this  cause. 

*  *'  Experiinentfl  on  Wrought  Iron  ud  Stool*'  1863. 
\  **  Report  of  the  Defence  Oommisaioners,"  1H62. 
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Mr.  Mallet,  in  the  paper  before  referred  to,*  gives  the  following 
fact«  and  i  Illustrations  as  to 
this  cause  of  failure.  Two 
maaaez^  about  2|  ft  in  di- 
ameter and  8  ft.  long,  were 
forged  for  two  o6-inch  mor- 
tars which  Mr.  Mallet  was 
constructing  for  the  British 
(Government.  They  were 
slightly  tapered,  and  at  one 
end  there  was  a  collar  pro- 
jecting about  6  inches  all 
round,  and  about  12  inches 
wide  in  the  line  of  the  axis, 
preN^nting  laterally  the  general  form  shown  in  Fig.  166. 

The  maiiiHiii  were  forged  from  puddled  slabs  of  manageable  size, 
'*  by  slabbing  up  two  or  more  large  flat  pieces  (Fig.  167),  laying 
these  upon  each  other,  and  welding  them 
together  into  a  rude  sort  of  sfjuare  prism, 
which  was  afterwards  partially  rounded 
down,  at  the  comers,  under  the  hammer. 
These  pieces  were  welded  together,  appa- 
rently, ])erfectly  sound;  but  after  they  had 
become  cold,  they  were  invariably  found, 
upon  borings  being  made  into  the  centre, 
to  have  large  rents  internally,  with  jair^nl. 


Forging  for  IfAllet't  morUr-cfaamber. 
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«    •    • 


At 


POe  for  Bortar-chambar. 


crystalline,  irregular  surfaces, 
first  it  seemed  probable  that  the  rents  due  to  cooling,  now  to  be 
described,  were  formed  in  tlie  direction  of  the  broad  plane«  of  the 
slabs;  but  more  careful  and  exa^'t  examination  prove<l  that  in 
more  than  one  case,  at  least,  tlii^^e  rents  had  undoubtedly  been 
formed  a4'n>i*«,  or  at  right  angles  to  those  planes.  •  •  ♦  Xlie 
op|Mj»ite  facias  of  the  n*nts  were  counterparts,  and  prenented  dis- 

*  "Tba  roeAcieoU  of  Elaitioitj  and  RupCuro  m  Maacira  Forginga,**  tnat  OtQ 
March,  IByj. 
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tiuct  evidence  of  having  been  torn  asonder  by  contraction,  from 
the  centre  towards  the  circumference,  as  the  mass  cooled.^  Two 
of  these  rents  are  shown  bj  Figs.  168  and  169.    ^^The  limits  of 


F».  168. 


Fw.  les. 


Bonis  m  forged 


oooliiig. 


the  fractures,  as  seen  perpendicularly  to  their  plane,  were  found 
to  be  generally  as  shown  by  Fig.  170.    Th^  ascertainable  extent 


TiQ.  17a 


Section  of  rent — (hxn  cooling— in  mcctv^sluunlMr 


was  from  two  to  three  feet  along  the  axis,  and  usually  rather  more 
than  half  the  external  diameter  of  the  mass  in  breadth,  measured 
across  tlie  large  end.  The  cracks  were  from  i  to  {  inch  open  at 
the  widest  part,  in  the  centre,  and  passed  off,  at  each  extremity, 
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to  an  indefinitelj  thin  wedge.  In  no  case  was  there  a  trace  of 
bad  welding  or  of  defective  workmanship.  They  were  clean 
fiBBorea,  presenting  opposite  surfiaces  of  solid,  sound  metal,  though 
rongh  bv  being  torn  asunder.  In  this  conclusion  Mr.  Clay  coin- 
cided. On  consideration,  it  appeared  that  the  phenomenon  was 
simply  due  to  contraction  on  cooling. ** 

491.  Mr.  Mallet  reasons  that  this  defect  must  occur  in  solid 
cylinders  or  conic  frustra,  ^^  whenever  the  dimensions  are  such  that 
the  total  amount  of  tlio  contraction  of  the  metal,  in  any  one  di* 
amcter,  from  its  highest  tem|)erature  down  to  that  of  the  atmo* 
sphere,  as  fixed  by  the  circumference  of  rigidity  due  to  the  outer 
cold  shell,  exceeds  the  limit  of  extension  of  the  iron  at  rupture, 
due  to  the  length  of  the  diameter  of  the  interior  core,  which  cools 
last.  This  is  tlie  theoretic  limit  of  the  size  of  foiging,  beyond 
which  internal  rents  must  owur. 

**  If  it  were  i>o88ihIe  that  a  cylindrical  mass  of  forged  iron  could 
lie  increased  sufllciently  in  diameter  so  as  to  bring  it  into  evi- 
dence,  there  can  \ye  no  doubt  that  the  following  would  be  the 
pkenomena  resulting,  from  tlie  conjoint  reactions  of  its  originally 
soft  <N»ndition  and  uniformly  high  temperature,  its  external  cool- 
ing, contraction,  and  afvumption  of  rigidity,  and  the  final  C(M>Iing, 
contnu-tion,  and  rigidity  of  the  internal  portions:  the  external 
hurfa<*e  would  rupture  in  several  places,  parallel  to  tlie  axis,  and 
dinN't«Ml  t4>  tlie  centre,  in  the  first  instance.  These  finsurcs  would 
afterwardn  all  clotie,  and  the  opfKisite  and  abutting  surfaces  would 
pnt^H  against  each  other,  like  tlie  voussoirs  of  a  circular  arch. 
Tlie  internal  diametric  fiiwure,  or  fissures,  would  then  be  rent; 
tlie  external  form  of  tlie  mass  would  change  from  a  circle  to  an 
oval,  the  minor  axis  l»eing  in  the  plane  of  the  internal  rent ;  and 
the  wb<»le  ma^i^  would  at  length  assume  stable  equilibrium  aj^ 
^e^Ile(is  its  moli*cular  forc*es.  Tlie  change  to  the  oval  figure 
Would  probably  be  acc«>mpani(Hl  with  a  reopening  of  some  of  the 
external  fiiwures  situattnl  towards  the  ends  of  the  major  axis  of  the 
oval  M^ion." 

One  grvat  cause  of  the  h>w  measure  of  strength  of  material  in 
heavy  ftirgings  its  t»bviously,  the  drawing  aannder  of  all  the  par- 


356  Ordnance. 

tides  in  both  a  tangential  and  a  radial  direction.  Hence,  as  the 
foregoing  authority  expresses  it,  ^*  increased  distance  in  both  direc- 
tions between  the  integrant  crystalline  faces  is  produced,  and 
diminished  cohesive  strength ;  the  proof  of  this  is  to  be  found  in 
the  fact  that  the  specific  gravity  of  the  material  of  these  great 
forgings  is  lower  than  that  of  the  iron  from  which  they  are  formed, 
or  than  that  of  small  portions  of  the  same  fagoted  mass.^' 

433.  During  the  discussion  of  Mr.  Mallet's  paper,  some  attempt 
having  been  made  to  rebut  the  author's  ^^assumptions,"  by  a  state- 
ment that  large  forgings  were,  after  all,  pretty  sound  and  trust- 
worthy, he  produced  a  statement  from  the  manager  of  the  Penin- 
sular and  Oriental  Steam  Navigation  Company,  to  the  following 
effect:  During  ten  years,  an  average  of  more  than  one  serious 
accident  had  occurred  from  the  breaking  of  large  forgings,  prin- 
cipally paddle  and  screw  shafts,  every  three  months,  to  one  or  the 
other  of  41  ships.  During  the  last  five  and  a  half  years  (down 
to  1859),  there  were  37  such  accidents,  or  nearly  one  every  two 
months,  on  the  same  number  of  ships.  It  was  assumed  that  the 
cost  of  these  accidents,  due  to  the  unsoundn^  of  lai^ge  forgings, 
would  average  $10000  each. 

433.  Tlie  comparative  strength  of  heavy  and  light  forgings, 
according  to  the  experiments  of  Mr.  Kirkaldy,*  is  as  follows 
(Table  60): 

Table  IX — Strskoth  or  Hxatt  akd  Light  Foioivaa 
*  Lbi.  iwr  tq.  iMk 

Eagltdi  rolled  ban,  higheft  mean ^795 

Scrap-iron,  htgcd  4own,  mean 534^^ 

Craak-fliaft,  fcrap,  cut  lengthwife,  mean 475^1 

4o.  do  do.  do 43759 

do.  do.    cat  croffwife,       do 4457^ 

do.  do.  do.  do 3^4^? 

Armor-plate,  fcrap,  mean 38(6! 

do.  do.      do )^H 

According  to  Mr.  Mallet^s  cxperimentsf  the  tensile  strength 
was  as  follows  (Table  61): 

^  "  Experimenta  on  Wrought  Iron  nnd  Steel,**  186S. 

t  "The  Coefficients  of  BlMtkaty  unci  Buptare  in  Maaiv*  Forgiaga** 
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Tabu  LXl— Strbtoth  or  Hbatt  Fomonrat. 

I  lUb  or  bar,  11x4  inches i4-o6ft 

P«|ote4  ferfc4  dab,  4S  x  4S  x  is  inchct >S'  594 

HonhH  i3-iiich  gva,  original  Afoc  bait^ i9*6St 

io,  4o.  lonfttudinal  cut  fron  gun^ 18-839 

io,  4o.  ciroiniferendal         do.      « 16*561 

4o.  4o.  cranArerTe  do. 16*  56ft 

do.  do.         chafcoal-roUcd  bar,  Ifom  boriagt  of  gun ^ ia*3ai 

494L  On  the  other  hand,  the  solid-forging  process  orercomes 
a  grave  objection  to  the  plan  of  hooping — ^the  fracture  and  rehixa- 
tion  of  parts  due  to  want  of  mass  and  continnitj  (299,  335). 

45I8,  Only  a  few  hirge  guns  have  been  fabricated  bj  tlie  solid- 
forging  i>roceHA.  Several  of  these  have  burst  on  triaL  A  wrought- 
iron  8-inch  gun  forged  at  the  Gospel  Iron  Works,  and  proved  at 
Wo<ilwich  on  the  ITth  July,  ls55,  burst  into  several  pieces  at  the 
fintt  diM*harge,  with  23  lbs.  powder  and  2  spherical  sliot  The  gun 
is  stated  to  have  been  of  very  nearly  the  same  dimensions  as  the 
e(4ablished  ca^tiron  g:nns  of  the  same  calibre. 

The  tliirkne&s  at  the  breech  end  was  therefore  al)Ottt  9  inches. 
The  metal  appeared  to  the  eye  to  be  sound  and  perfect  without 
and  within.* 

446.  Tlio  most  memorable  case  ia  tliat  of  the  12-inch  solid- 
forgcnl  gun,  Fig.  171,  calle<l  tlie  ^^  Peacemaker,^  that  burnt  on  board 
the  UnitA'd  States  steamer  PrinceUm.  The  gun  was  built  by 
Me^rn.  Ward  &  Co.,  under  the  direction  of  Commodore  Sto<*kton. 
The  12-inch  gun,  Fig.  66,  now  in  the  Bnxiklyn  navy  yard,  almost 
an  exact  copy,  was  built  by  the  Men^ey  Steel  and  Iron  Co.,  to  re> 
place  it. 

A  committee  of  the  Franklin  Inntituto,  of  Philadelphia,  made  a 
detailed  exaniinatitm  into  the  character  of  tlie  ^  Peacemaker*^  gun ; 
from  their  re]N)rtt  the  following  facts  are  com]>iled :  The  greater 
part  of  the  inm  of  which  tlic  gun  was  com{MMed,  was  in  the  sliaiw 
of  bans  4  in.  i^uare  and  about  8}  ft.  long.  Of  thoi«,  80  were 
laid  up  in  a  fagot,  welded,  and  rounded  up  into  a  shaft  20  to  21 


*  ''Ob  Um  Crtniitninutn  of  Anitl^rj.**  MnDH     App^iKllx. 
t  "  JooTMl  of  Ibt  rmttklto  laatltut*,**  Vot.  9,  p.  30S  (1S44X 
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The 


'  PMcemaker*'  IS-inch  wroagfat-iron 
gun. 


in. .  in  diameter.  Iron  in  the 
form  of  figments,  varying  in 
weight  from  200  to  800  Iba., 
and  nsnally  large  enongh  to 
reach  ^  round  the  gun,  were 
then  welded  on,  there  being 
two  strata  of  segmentB  over  the 
breech. 

The  hanmier  used  weighed 
15000  Ibe. 

The  time  occupied  in  the 
forging,  during  which  the  iron 
was  kept  more  or  lees  heated, 
was  45i  days. 

The  gun  was  broken  acroee 
under  the  trunnion-bands,  the 
chase  remaining  entire.  The 
breech  split  into  3  principal 
pieces,  the  largest  of  which,  5 
ft.  long  and  embracing  half  the 
circumference  of  the  gun,  is 
shown  at  Fig.  172.  A  part  of 
the  fracture  showed  large  crys- 
tals lying  in  various  planes. 
Truces  of  the  original  hears  were 
observable;  also  spots  covered 
with  scale.  The  relative  sLse 
of  one  of  these  (10  x  3  in.)  is 
shown  at  a.  ^^  Besides  the  spots 
indicating  a  want  of  continuity 
in  the  metal  in  the  plane  of  the 
fracture,  the  edges  of  many 
others,  in  different  places,  were 
observed ;  also  a  wide  solution 
of  continuity  was  seen  through- 
out a  cylindrical  surfSftce,  con- 
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centric  with  the  bore,  and  extending,  in  one  place  at  .east, 
entirely  around  the  fragment     This  was  evident    from   the 


Flo.  ni 


Pnigmeiit  of  the  **  PiBMemaker.'* 

Ud  that  oil,  ponred  in  at  the  np])er  side,  came  ont  at  Oy  after 
pacing  through  a  distance,  within  the  fragment,  of  about  8 
feet  Another  opening  in  the  prolongation  of  the  cylindrical  sur- 
face is  shown  at  c.  The  Bides  of  this  were  separated  to  a  distance 
of  a  quarter  of  an  inch,  and,  by  inspecting  these,  it  was  evident 
that  they  had  never  been  welded ;  into  this  opening  a  wire  was 
thrust  to  a  depth  of  10  inches.^  Several  other  considerable  fis- 
sures were  observed. 


Tabls  LXH— ^TBsyoTB  or  lamr  n  tbs  "PaAoniAKn**  Ouv. 

TW  scMi  ttMilc  ftrtttftb  ftr  t^Mit  lacb  of  cIm  orlglaal  Wr  wn 

IM  Ur 4Sc»tS  Ite. 

^    ••    ' 3«595  - 

yd    ^    Sasti  - 

Ockw  csffriMcMt  BM^*  from  tkt  umt  Iran  gave  Um  fotlowiag  ravin  i 

t.  TV  aiimt  MiUt  fcrc*  witb  which  ch«  •pcdmrat  from  the  faitcrior  of 

Che  gwi  h«oh«»  vhea  ■mieed  la  the  4irtcboa  of  the  ftbrr,  it  len  thee.*.    31100  Ikt. 

a.  The  tfedmca  from  the  laerrior,  tcniaed  ia  a  4iftcdoo  ecrott  the  Sbrr, 

pi99 „ a3'*oo  •• 

y  The  ifedmeot  from  the  oottide  of  the  g«a,  ecfom  the  Sbm,  gave  aa  avtr- 

aft  eTlam  chaa 45)]]  •• 
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4.  Annealed  •pecimeiu  from  the  interior,  strained  lengthvbc  of  the  fibre, 

gave  an  average  of. 36067  '* 

5.  The  average  of  all  the  specimens  from  the  gun,  not  hammered,  is^ 333^0  ** 

6.  The  average  of  the  specimens,  worked  down  under  the  hammer,  is ^347  5   ** 

The  general  conclusions,  firom  these  results,  are  the  same  as  thoae  from  the  eiperimean 
made  by  the  Committee  in  Boston,  so  far  as  the  two  series  can  be  compared. 

1.  The  average  strength  of  the  iron,  as  it  existed  in  the  gun,  from  both 

•eries,  is 335^6  1^ 

1.  The  average  strength  of  the  iron  from  the  gun,  after  being  drawn  down 

*with  the  hammer,  from  both  series,  is ^ 59^^  ** 

3.  The  average  strength  of  the  original  bar  from  the  experiments  of  the  first 

series,  is 46950  ** 

Consequently,  taking  the  original  strength  as  100,  that  of  the 
average  of  the  iron,  as  existing  in  the  gnn,  was  72,  showing  a 
deterioration  of  28  per  cent. ;  and  if  the  tensile  force  of  the  inte- 
rior be  taken,  when  strained  in  a  direction  a(*ros8  the  fibres,  that 
being  the  actual  direction  of  the  strain  in  the  gun,  the  proportion 
to  the  original  bar  is  as  50  to  100,  or  a  deterioration  of  50  per 
cent. 

The  Committee  state,  in  conclusion,  their  ^^ opinion,  that,  in  the 
present  state  of  the  arts  (in  1844),  the  use  of  wruught-iron  guns 
of  large  calibre,  made  on  the  same  plan  as  the  gnn  now  under 
examination,  ought  to  be  abandoned,  for  the  following  reasons : — 

1.  The  practical  difficulty,  if  not  impossibility,  of  welding  such 
a  lai^e  mass  of  iron,  so  as  to  insure  a  perfect  soundness  and  uni* 
formity  throughout.  2.  The  uncertainty,  that  will  always  pre- 
vail, in  regard  to  imperfections  in  the  welding ;  and  3.  From  the 
fact  that  iron  decreases  very  much  in  strength  from  the  long 
exposure  to  the  intense  heat  necessary  in  making  a  gnn  of  this 
size,  without  a  possibility,  with  the  hammers  at  present  in  use  in 
this  country,  of  restoring  the  fibre  by  hammering." 

E\'i>eriments  were  made  to  determine  the  tensile  strength,  Ist^ 
of  the  original  bar ;  2d,  of  a  bar  cut  from  the  interior  of  the  gun ; 
3d,  of  a  bar  made  from  a  portion  of  the  gun  reworked  under  tlie 
hammer. 

The  mean  strength  of  two  large  forgings — steamship  crank- 
shafts — was  found  by  Mr.  Eirkaldy  to  be  45670  Iba.  in  the  direc- 
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tion  of  the  grain.  Among  his  ^  concluding  observation^''  are  the 
following  which  bear  on  the  subject :  ^'  Inferior  qualities  show  a 
moch  greater  variation  in  the  breaking  strain  than  superior. 

^Greater  differences  exist  between  small  and  large  bars  in 
coarse  than  in  fine  varieties." 

From  which  it  may  be  concluded  that  lai^  forgings  are  not 
only  weaker  than  smaller  bars,  but  less  uniform  and  trustworthy. 

497.  Speaking  of  wrought-iron  guns,  Mr.  Mallett  says  :*  ^^  The 
facts  (which  he  has  previously  stated)  are  worthy  of  notice,  as  in- 
dicating the  absolute  uncertainty  that  ever  must  exist  as  to  the 
trustworthiness  of  wrought-iron  guns,  forged  in  one  great  mass, 
although  executed  witliont  regard  to  cost,  and  by  parties  anxious 
fiuthAilly  to  produce  a  result  of  the  highest  excellence.  Some  of 
the  evils  incident  to  this  gun  might  have  been  avoided  by  greater 
experience  and  judgment ;  but  the  main  evil  is  inherent,  and  in- 
separable from  every  huge  forging,  and  most  so  where  the  weld- 
ingiK  are  moht  numerous/'-f 

On  the  other  hand,  Mr.  Clay,  of  the  Mersey  Iron  Works,  differs 
from  Mr.  Mallet,  and  very  justly  obi^erves,  that ''  the  several  fail 
ores  in  tlie  manufacture  of  wrought-iron  guns  should  not  be  a  mat- 
ter of  surprii«e ;  for  it  is  hardly  reasonable  to  expect  immediate 
sacceN4  in  any  new  fabrication.'' 

49H.  Mr.  Clay  giv(>s  an  account^  of  experiments  to  determine 
the  tensile  strength  of  the  iron  from  which  the  monster  gun  (iia) 


•  **<>B  the  OfHtftnirtion  of  Artillery."  1S&6. 

t  Mr.  AiKlrrMia  mti  on  thU  •ubj<*rt:  "A  few  yc«n  ago  it  was  beliered  tb«l  %\te 
profM^  fpin  vmild  be  obtainrd  by  fonrinf.  In  IHM.  vben  Mr.  Kwoiyth  wm  at 
wiirk.  ihi*  countrf  •x(KNtrd  |n^(*«l  retulta.  TKe  end  (if  tlmt  mm  might  l«  raid  U» 
hftTf  la<rfi  ft  OAUiifuU  dt««pp(Hntin«ot.  Since  ttton.  th*  rr  ).At\  br>ro  th<*  Lir«*rpoit|  min^ 
•— «  in"tiMrr  m«>rUr.  wliK^h  wm  rpforrrd  to  in  tlm  paper.  It  wm  •  mairnittcrnt  fnrir'r.L* 
— (tie  ftor«t  be  bed  rrrr  m^o — vet  it  m-aii  t»<>(  a  perfect  irun.  The  bore  of  that  |ri<n 
vouitS  iirver  hare  pahmhI  the  prufif  of  tlio  »r(inertiit  There  wrn*  d^'frn-u  in  U.  tuA 
that  wnsM  alweya  be  in«>rr  or  irmi  the  vnit»  in  (he  liaait  of  all  au(*h  larnr  atrurti.'<*« 
«b<^  fonred.  At  tbe  preaent  momrnt  there  were  al  Woolwich  aonte  apfiarttiUj  verv 
Siw  fiinr:b|r«.  wliich  wera  defevtiva,  owing  to  fl-aurea  at  tlie  core,  and  more  eft|if<t.i]ir 
in  thr  r).amber  at  the  braeth.  Therefiirv  lie  did  not  think  the  pMid  ftin  wttirh  all 
wer^  i.mnir  at  w«kjM  be  obtained  bj  the  aTstem  of  fbrgtof." — '*Cm§fiMhim  nf  ArUi^ 

^' ,  "  /•••<,   '*!    /  h:-,  ;t*.trr*,   lg»;0. 

%  "Orr*a  Cirda  of  the  iDdustrial  Arta.** 
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was  made,  and  of  the  same  iron,  after  mannfitctore  into  the  gun. 
The  resnlte  were  as  follow  (Table  63) : — 

Taking  the  average  of  the  first  two  experiments,  and  comparing 
it  with  that  of  the  following  three,  there  is  a  decrease  of  strength 
of  about  13  per  cent ;  whilst  on  the  other  hand,  as  compared  with 
the  6th,  7th,  and  8th,  there  is  a  gain  of  2  per  cent. 

Mr.  Longridge  is  of  the  opinion*  that  those  experiments  are  not 
very  conclusive,  because  ^^  the  iron  was  cut  from  the  muzzle  of  the 
gun,  and  not  from  the  interior  at  the  breech,  where  the  thickness 
is  greatest  and  tlie  deterioration  is  necessarily  the  most.^  He 
sums  up  the  question  by  saying  that  ^^  the  manufacture  of  laige 
forged  wrought-iron  guns  is  an  operation  of  great  di£5cnlty,  ex- 
pense, and  uncertainty;  and  however  the  difficulty  and  expense 
may  be  decreased,  the  uncertainty  must  still  remain.    Moreover, 

Table  LXIIL — Stbbngth  or  laoir  in  the  Hobspall  Guir. 


Kxpwl 
rnent 

No. 


naMripdon  <iriroiL 


BrMklny  itntai 
In  Iba.  per  iq.  In. 


bw»4 


Original  iron  of  which  the  g an  waa  made. 

Ditto  ditto     

Cot  acroM  the  grain  from  mnsale  of  gun«. 

Ditto  ditto     

Ditto  ditto     

Cot  with  the  grain  from  mossle  of  gnn...^ 

IXtto  ditto     

Ditto  ditto     

Borings  Ifom  gun  reworked  with  coal... 

Ditto  ditto     

Boring!  from  gun  reworked  with  charcoaL. 
Swedish  iron  at  imported,  |  inch  tqnar*..... 


506MJ 

43904 
506M 
4«3»4 
506M 

5»«64j 
605141 

^hJ 

76584 
60584 


495«4 


43S90 


506*4 


61704 

7«$t4 
60584 


A 
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at  the  beet,  it  is  but  subetitating  for  cast  iron  a  material  of  a 
higher  tensile  strength ;  the  radical  defect  of  a  hopogcneous  mass 
still  remaining,  viz.,  the  unequal  distribution  of  the  strain,  from 
the  inner  to  the  outer  circumference.'* 

499.  Hollo w-FiHvlMf  and  Boiling.  The  Alfred  gun  (115) 
was  forged  hollow — a  process  which,  according  to  Mr.  Clay,  the 
maker  of  this  and  of  the  Ilorsfall  gun,  overcomes  several  defects 
of  the  system  last  dLscussed.  He  says  :*  '^  We  forge  our  guns  hoi* 
low,  which  geU  over  a  difficulty  which  we  had  experienced, 
namely,  the  tendency  to  contraction  in  the  breech  of  the  gun, 
where  the  metal  is  exposed  to  tlie  cooling  influence  of  the  air  on 
throe  sides  instead  of  merely  on  the  two  sides,  and  where,  tlie  out- 
Mo  crust  getting  cool  first,  a  contraction  takes  place.  By  forging 
them  hollow,  and  leaWng  the  bre«>ch  screwed  in,  similar  to  the 
Amii^trong  10|-inch  gun,  and  similar  to  our  Prince  Alfred  gun  in 
the  Exhibition,  we  get  over  the  difficulty.^ 

This  process  also  gives  the  superfluous  cinder  more  chance  of 
eBca))e,  and  may  be  conducted  so  as  to  make  the  heat  more  uni- 
form throughout  the  mass.  Still,  the  fundamental  defects  of  the 
S4»lid-forging  process  remain — the  multiplication  of  welds  bt*tween 
badly-fitted  partjt,  an<l  their  liability,  from  %'arious  causes,  to  be 
unbound ;  overheating ;  the  wrong  direction  of  the  seams  and  of 
the  fibre;  and  the  comparatively  small  reduction  and  purification 
of  the  mass  after  it  is  aggregated. 

A  number  of  field-guns,  now  in  service,  were  rolled  hollow  at 
the  Phfpnix  Iron  Works  of  Pennsylvania,  on  the  plan  of  Mr.  Grif- 
fiiL.  Rolled  staves  }  in.  x  }  in.  x  4}  ft.  long,  were  laid  up  in  the 
form  of  a  bam*l,  on  an  ar)N>r  which  was  placxnl  in  a  lathe.  A  long 
bar  }  X  4^  in. — a  rhomboid  in  secticm — was  W(»und  spirally  ujMm 
the  barrel  by  the  revolution  of  the  lathe.  Another  bar  was 
wound  upon  the  first,  the  s])irals  nmning  in  an  opfMisite  direc- 
tion, and  so  on  until  five  layers  had  been  applied  A  thin  layer 
of  staves  was  then  l>ound  u{>on  tlie  outside,  and  a  phig  driven 
into  the  breech,  to  close  it,  and  to  form  the  cascable.    The  r^hole 

*'  Report  of  Um  Doi^nce  CommUvvmenL**  lf*6X 
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was  then  heated  to  welding  and  npeet  endways  two  incheB  in  a 
press,  after  which  it  was  drawn  out  between  the  rolls  firom  4^  to 
7  feet  in  lengtL  The  trunnions  were  then  welded  on,  without 
removing  the  gun  from  the  reverberatory  furnace ;  the  bore  was 
dressed  out,  and  the  chase  reduced  to  the  proper  size  by  turning, 
the  mass  being  cylindrical  when  it  left  the  rolls.  These  guns  are 
well  spoken  of  by  Captain  Benton,*  and  appear  to  have  been  suc- 
cessful on  a  small  scale. 

430.  But  the  Phoenix  Iron  Company  have  now  abandoned 
this  process,  and  substituted  another,  which  produces  a  cheaper 
and  sounder  gun,  and  promises  well  for  larger  ordnanccf    A 


-     ^  "Orchianoe  and  Ouiii\j9r7/'  1862. 

f  The  following  is  an  abstract  of  the  specification  of  Mr.  D.  T.  Teakel,  of  La&y«tt«. 
Indiana,  for  British  patent,  dated  April  16,  1862: 

"One  of  the  improred  modes  of  constructing  cannon  and  other  ordnance,  which 
forms  the  subject  of  the  present  invention,  consists  in  rolling  or  winding  a  plate,  or 
sheet  of  iron  or  steel,  or  several  (if  more  than  one  is  required),  around  a  central  man* 
drel  (^wrought  iron  or  steel;  the  whole  mass  is  to  be  welded  together  as  it  is  roOed 
up,  or,  ader  it  is  rolled  up,  the  welding  to  be  done  by  the  pressure  of  roUera,  or  the 
impact  of  a  hammer  or  hammers  at  welding  heat  The  mandrel  should  be  of  leas 
diameter  than  the  desired  bore  of  the  gun-barrel  or  shaft-cylinder,  if  the  latter  la 
intended  to  be  hollow,  so  that  the  boring  may  remove  all  of  the  mandrel 

"  Another  mode  of  carrying  out  tho  invention  consists  in  using  a  cold  mandrel  of 
wrought  or  cast  metal,  and  rolling  the  sheets  or  plates  of  iron  or  steel  around  it  till 
tho  desired  size  is  produced.  Sheets  or  plates  are  to  be  rolled  around  the  mandrel  at 
a  welding  heat  and  welded  togetlier  as  rolled,  then  removing  the  mandrel,  and  boring, 
reaming,  and  turning  in  the  manner  now  pursued  with  cast  gtms  or  hollow  shalU. 

'*  Another  mode  consists  in  rolling  up  the  sheets  or  plates  in  the  same  form,  but 
without  the  mandrel,  then  inserting  the  mandrel  and  welding  the  whole  mass  together. 
The  mandrel  should  always  be  less  than  the  bore  or  hollow  to  be  produced,  if  the 
mandrel  is  to  be  bored  oat  or  otherwise  removed.  The  plate  or  sheet  used  should  be 
of  sufficient  length,  when  used  in  one  piece,  to  produce,  when  roDed  and  welded,  the 
barrel  or  cylinder  of  the  desired  thickness  or  diameter  before  turning,  and  of  a 
breadth  several  inches  wider  than  the  desired  length  of  the  barrel  or  cylinder.  The 
sheet  or  plate  of  iron  or  steel  may  be  used  of  a  uniform  thick neaa,  or  it  may  be 
tapered  from  one  edge  of  its  breadth  to  the  other,  so  as  to  produce,  when  ruUvd  or 
welded,  the  approximate  shape  of  a  barrel  before  turning;  if  used  of  a  unilbrm 
thickness,  the  rolling  must  be  continned  till  a  aufllcient  diameter  at  the  breech  is 
obtained. 

"  By  the  improved  process  of  making  cannon  or  shafting,  the  moat  carefully  con- 
adidated  plates  of  iroa  or  steel  are  welded  together  in  one  continnoua  length,  thatvby 
producing  a  quality,  viz.,  uniform  oonsoUdation  of  metal,  and  a  form  of  barrel  oom- 
posed  of  concentric  welded  folds,  capable  of  oflbring  a  resistance  to  the  ezplosiv*  force 
of  gunpowder,  whksh  oannoi  bo  obtainad  in  aoj  other  way.** 
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■haet  of  iron  is  rolled  around  a  mandrel  into  a  cylinder,  and 
drawn  down  into  a  tube  with  solid  walla.  The  bore  may  be 
made  entirely  within  the  mandrel,  which  may  be  of  BteeL 
The  Beams  in  this  case  would 
not  weaken  the  gun — indeed, 
the  mere  sticking  of  the  iron 
together  would  prevent  its  un- 
coiling under  fire.  And  the 
iron  may  be  refined  before  it  is 
made  into  a  gun.  But  witli 
all  these  adyantages,  the  7-inch 
gun  made  on  thiA  plan  for  Mr. 
Lynall  Thomas,  at  Newcastle, 
bunt  at  the  mx^ond  round  (127), 
although  the  field-guns  of  the 
Pha*nix  Iron  Company  stand 
very  well. 

4S1«  Mr.  Ames's  wrought^iron  gun,  of  which  tlie  fabrication 
and  te^t  were  mentioned  (128),  is  forged  hollow  by  welding  a 
scries  of  uliort,  tliick  ringn  to  the  end  of  a  bar,  thuit  building  out 
tlie  gun  fri>m  the  breech  to  the  muzzle.  The  ringH  are  separately 
hiMijied  before  welding;  any  initial  teni^ion  they  may  have  is 
dc^^tn^yiHl  in  the  sniMequent  heating  and  hammering,  and  the  gun 
U  left  without  the  desirable  initial  strains.  At  the  same  time,  it 
is  left  without  rupturing  initial  Ktrains — the  metal  ia  subtitantially 
in  a  i^tate  of  rei>one.  As  the  rings  are  forged  solid,  no  well- 
defini*d  grain  is  develoiHMl  in  the  direction  of  its  circumference,  as 
in  the  Aniistnmg  or  Phn*nix  Inm  Company V  guns.  But  there 
arp  ni>  Kmgitudinal  i/vAAf.  The  principal  strain  of  the  {Kiwder  ia 
n*»i»»t4Nl  by  the  unbn>kfn  strength  of  the  solid  ring.  Overheating 
and  the  bad  effeclH  of  imiK>rf(H*tIy  fitting  pie<*es,  welding  in  cin- 
der, and  light  hammering,  are  more  likely  to  be  avoidtnl,  and  Uie 
advantagi^  of  c<»oIing  the  maiM,  to  some  extent,  fn>m  within,  are 
•ecmvd.  Tlie  process  apiiean  to  be  in  many  res])ects  an  impn)ve- 
ment  <m  tlie  plan  of  building  upon  the  end  of  a  bar  with  rough 
pierces  and  multiform  welds. 
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433.  The  ArHMtronc  Onn. — ^The  procesB  by  which  this  gun 
is  fabricated,  and  its  charges,  have  been  described  in  the  first 
chapter. 

The  gun  consists  of  several  hoops  (Fig.  174),  welded  np  from 


Fio.   174. 


FiO.  175. 


Ill 

coils  (Fig.  175),  and  shrunk  together  (Fig.  176).  The  breech- 
piece  is  forged  so  that  its  grain  shall  run  longitudinally. 

433.  Leadino  Featubes  of  the  System. — These  are — FtrgL 
Placing  the  grain  of  the  iron  in  the  direction  of  the  greatest 
strain,  and  opposing  the  tension  of  the  welds  to  the  least  strain. 
That  is  to  say — 1st,  the  grain  and  the  welds  in  the  body  of  the  gun 
run  in  the  direction  of  its  circumference.  2d.  The  grain  of  a  suffi- 
cient portion  of  the  breech  to  resist  the  longitudinal  strain  runs 
parallel  with  the  bore. 

Second.  Placing  the  outer  hoops  in  initial  tension,  so  that  all 
parts  may  be  equally  strained  at  the  instant  of  firing  (287).  Sir 
William  Armstrong  has  publicly  stated*  that  he  did  not  carry  out 
this  plan  with  the  nicety  prescribed  by  Mr.  Longridge  (293),  but 
that  the  rings  were  simply  applied  with  a  sufficient  difference  of 
diameter  to  secure  effective  shrinkage.  Indeed,  Sir  William  con- 
sidersf  the  important  principle  of  his  gun  to  be,  not  merely  build- 
ing up  a  barrel,  nor  the  placing  of  it  under  regulated  initial  strains, 
but  welding  coiled  tubes  end  to  end,  and  shrinking  them  together. 

Third.  The  breech-loading,  and, 

Fourth.  The  system  of  rifling  and  projectiles,  are  the  other 
leading  features  of  the  Armstrong  Ordnance,  and  will  be  consid- 
ered under  their  respective  heads.    Both  tend,  directly  or  indi- 


♦  "Construction  of  Artillery,"  Inat  CiyU  Engizieere,  1860. 
t  Select  Committee  on  Ordnanoe,  1863. 
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rectlvy  to  weaken  the  gun,  and  are  either  modified  or  abandoned 
in  the  heavier  gnnB. 

4S4«  ADVAm-AOEs  of  thk  Sybtku. 
— The  first  grand  advantage  of  wrought- 
iron  tubes  having  the  grain  in  the  di* 
rection  of  the  greatest,  and  the  welds 
in  the  direction  of  the  leant  strain,  and 
hmving  such  initial  strain  that  aU  the 
iron  will  do  equal  work  at  tlie  instant 
of  firing,  is,  obviously,  great  iftrtngth 
to  rtsUi  internal  pres9ure.  The  prao- 
tic*e,  also,  warrants  this  conclusion. 

Besides  the  wrong  direction  of  welds 
and  fibres,  and  possible  flaws,  and  the 
want  of  ]>roper  initial  tension,  other 
def(*t'ts  uf  the  soIid-forge<l  gun  are 
DKidificd  or  avoided  in  the  Armstrong 
gun ;  am<ing  tliem,  unequal  shrinkage 
(420),  and  the  various  bad  effects  of 
light  hammering  (419). 

Although  the  iron  of  the  Armstrong 
gun  tii  refined  before  welding  (414), 
and  although  the  pret^ure  in  welding 
the  C4>il  into  a  tul>e  is  not  as  uniform 
as  it  sliould  be,  the  heat  is  ko  uniform, 
and  the  surfaces  to  be  joined  are  so 
plain,  that  the  union  of  flfe  parts  can 
be  more  certainly  relied  on  than  in 
eaite  of  the  s«ilid-fiirged  gun.  The  iron 
is  refined;  in  the  other  case,  it  may 
be  crude  after  the  forging  is  done. 

Burning  tlie  inm  may  be  avoided, 
but  there  U  enough  over-heating  to 
weaken  the  material.  Mr.  Anderson 
^  When  rolled  bam  of  tlie  best 
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quality  are  wound  into  coils,  and  then  welded  into  cylinders  for 
gun  manufacture,  the  iron,  as  a  general  rule,  is  found  to  suffer 
to  about  3481  lbs.  per  square  inch  on  the  average.  The  follow- 
ing shows  the  average  results  both  in  regard  to  yielding  and 
breaking: 

y-'-^v^-i'T '-  Sn;i;;::::::;:;:::::::r=:;:z=i;;* 
K^  poi-..{'r  » t;;i„i;;:::::::::;:::::z==:::::::::i;X 

"  The  loss  is  due  to  the  necessary  heating  being  greater  in  pro- 
portion than  the  working. '' 

435.  Another  advantage  of  this  system  of  fabrication,  is  thus 
stated  by  Mr.  Anderson :  ^^  In  building  up  guns  of  cylinders,  this 
high  tenacity  afforded  by  the  coil  system  circumferentiaUy,  and 
the  opportunity  which  it  gives  of  knmmng  the  soundnes$  of  the 
gun  in  every  partj  and  from  the  fact  that  every  part  of  the  gun  is 
put  under  the  full  exercise  of  its  duty  from  the  commencement — 
this  arrangement  of  building  up  guns  will  always  have  an  im* 
mense  advantage  over  guns  made  of  a  single  solid  forging,  in  point 
of  strength  and  security  against  bursting  of  the  whole  structure ; 
and  even  when  the  coiled  cylinder  is  considered  as  a  means  of 
obtaining  the  inner  lining  or  bore  of  a  rifled  gun,  a  purpose  for 
which  it  is  by  no  means  so  perfect,  yet,  even  in  that  respect,  it  is 
superior  to  the  bore  which  is  formed  within  the  heart  of  an  im> 
mense  forging,  of  dimensions  suitable  for  a  large  gun,  such  a  mass 
of  forging  being  always  more  or  less^efective,  even  under  the 
best  and  most  careful  workmanship.^' 

436.  The  comparative  strength  of  the  coil  system  and  the 
solid-forging  system,  has  been  tested  as  follows :  A  6|in.  wrought- 
iron  gun,  weighing  9282  lbs.,  made  from  a  block  forged  at  the 
Mersey  Iron  Works,  was  tested  as  follows,  in  1862.  Chaige,  16 
lbs. ;  10  rounds  with  684b.  10-oz.  shot,  10  with  136-lb.  8-ox.  shot, 
10  with  204-lb.  shot,  10  with  273-lb.  shot,  10  with  840-lb.  8K>a. 
shot,  10  with  410  lb.  shot,  and  10  with  476-lb.  shot  At  the 
70th  round,  the  gun  burst  into  eight  pieces..  Subsequent  experi- 
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ments  on  the  metal,  showed  it  to  pusBeeB  a  tensile  strength  of 
45851)  lbs. 

A  t)^iu.  Annstrong  wrought-iron  gun  was  tested  in  comparison 
with  the  above.  The  inner  barrel  was  made  from  a  solid  forging; 
wei^ht^  9474  lbs.  The  gun  fired  100  rounds;  charge,  16  lbs. 
The  projectiles  were  cylinders,  beginning  at  68>lbs.  10-oz.  weight, 
and  increasing,  every  10  rounds,  the  last  rounds  being  672  lbs. 
At  tlie  60th  round  a  cavity  was  found  in  the  chamber,  which  grad- 
ually increased  to  2*75  in.  deep,  with  small  fissures. 

Afterwards,  however,  a  44>-pounder  and  a  13-pounder  Mersey 
solid-forged  gun  were  tested  (i22),  and  the  committee  reported* 
tliat  ^both  these  guns  have  sho^vn  an  endurance,  if  not  iully 
equal  to  guns  ina<le  on  the  coil  system,  yet  at  least  ample  for  the 
requirements  of  the  service,  if  it  is  accompanied  by  the  power 
of  resii^ting  a  very  great  number  of  service  charges.^ 

4S7.  The  following  is  an  official  account  of  the  ^^  endurance, 
under  testing,  of  a  100-pounder  Armstrong  breedi-loaduig  gun  :t 

^  My  Limls  Commissioners  of  the  Admiralty  desire  that  the  fol- 
lowing {Muticulan  as  to  tlie  testing  for  endurance  of  an  Armstrong 
l4N).p4iunder  bn*ech-loading  gun  Xte  communicated  for  the  infor- 
mation of  the  officers  and  crews  of  Her  Majesty *s  shi|is. 

^*  The  proof  of  this  gun,  whicli  was  conducted  in  the  usual  man- 
ner, was  commenced  on  the  20th  June  last,  and  was  carried  on 
until  1(N»  nmnds  ha<l  lieen  completed  on  the  10th  Septemlier  last 
Tlie  cliarge  of  }>owder  used  was  the  service  charge  of  the  gun  for 
sliot  of  1(K)  lbs.  as  originally  pro|HimMl  by  Sir  William  Armstrong, 
viz..  14  lbs. ;  which  will  not  be  exceeded  for  shot  of  llo  lbs.  For 
the  fir>»t  10  rounds,  cylinders  of  100  lbs.  were  employed;  for  the 
next  10,  cylinders  of  20U  lbs. ;  and  so  on,  up  to  tlie  last  10,  for 
which  cylinders  of  no  less  than  1000  lbs.  were  employed.  These 
lant  were  8  ft.  8  in.  long,  and  projected  2  feet  beyond  the  muzzle. 
Tlie  gun  was  found  to  be  uninjured.  The  powder-chamlier  and 
►Ii4»t-chamlier  were  found  slightly  i>eamed  in  the  direction  of  the 
grain  of  the  iron.    The  brtHH*h-M*rcw  worked  fret*ly  throughout  the 

•  *-  lUport  of  tlie  S<4e<H  CoomiitUw  oo  Ontoaoor.**  U03. 
f  ypooi  AD  MlminUtj  rircoUr. 
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experiment.  Two  steel  vent-pieces  were  broken  in  the  course  of 
this  experiment,  viz.,  at  the  28th  and  31st  round  respectively ;  one 
wrought-iron  vent-piece,  after  being  used  from  the  32d  to  the  81st 
round,  was  found  so  much  worn  on  the  face  as  to  injure  the  cups ; 
and  a  second  wrought-iron  vent-piece  was  used  from  the  82d  to  the 
100th  round.  This  vent-piece  was  observed,  at  the  91st  round,  to 
exhibit  a  number  of  fine  cracks,  which  extended  considerably  in 
the  course  of  the  remaining  9  rounds;  it  broke  at  the  4th  round 
of  a  subsequent  experiment,  with  proof-charges  of  27i  lbs.  and  a 
single  proof-shot  of  110  lbs.  The  breech-copper  required  refacing 
at  the  30th  round ;  after  every  35th  round  it  was  removed  and 
replaced.  At  the  85th  round  the  new  copper  was  refaced,  and 
replaced  after  the  63d  round;  the  copper  then  put  in  received  no 
repairs  during  the  rest  of  the  experiments.  Lubricating  wads  of  the 
service  pattern  were  used  for  the  first  10  rounds,  afterwards  those 
of  Captain  Lyon's  pattern.  The  powder-chamber  was  washed  out 
after  each  round,  to  allow  the  expansion  of  the  breech-copper  to 
be  measured.  Cups  of  strong  tinned  plate  were  used  for  the  first 
35  rounds,  but  were  too  weak  to  resist  the  pressure  exerted  by  the 
gas,  with  the  cylinders  of  the  weight  then  in  use,  and  were 
replaced  by  copper  cups,  which  answered  well  for  the  remainder 
of  the  trial,  being  seldom  broken.  The  recoil,  as  the  experiments 
advanced,  became  very  violent ;  the  suspending-rods,  ultimately, 
were  removed,  and  the  gun  was  placed  on  a  p^>ecies  of  carriage, 
which  recoiled  up  a  steep  inclined  plane,  checked  by  sand.  It  is 
stated,  however,  by  the  Inspector  of  Artillery,  that  great  difficulty 
was  found  in  completing  the  experiment  even  with  this  arrange- 
ment. The  gun  used  in  these  experiments  was  of  Elswick 
manufacture,  made  entirely  on  the  coil  principle,  and  weighed  81 
cwt.  3  qrs.  16  lbs.,  and  was  of  the  usual  external  dimensions.  The 
remarkable  strength  exhibited  by  this  gun  is  very  satisfactory,  and 
would  appear  to  leave  nothing  in  that  respect  to  be  desired,  ex(*ept 
some  improvement  in  the  vent-pieces,  which  every  endeavor  is 
being  made  to  effect." 

4S8.  It  should  be  remarked,  with  reference  to  this  experi- 
ment, as  was  suggested  by  Commander  Scott  before  tlie  Select 
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Committee  on  Ordnance  (1803),  l8t,  that  the  great  length  of  time 
oo(*u{>ied  by  the  ex|>erimeutd  ]>revented  the  possibility  of  heating 
the  gun ;  2d,  that  the  lead  was  turned  down  off  the  cylinders,  and 
did  not  dose  the  bore  of  the  gun ;  3d,  that  the  velocity  of  the 
heavy  cylinders  being  lower  than  that  of  tlie  service-shot,  the 
destructive  effect  of  jamming  the  shot  through  the  rifling  was 
modified ;  and  4th,  that  the  gun  was  kept  perfectly  clean. 

439*  Sir  William  Armstrong  stated,  before  the  Select  Ck)m- 
mitti^e  on  Ordnance  (1803),  that  '^with  guns  which  had  been 
previously  fired  100  rounds  with  shot  rising  up  to  100  lbs.,  one 
gun  had  st<x>d  319  proof  rounds,  another  274  pn>of  rounds,  another 
357  proof  rounds,  another  261  proof  rounds,  another  313  priMif 
nmnds,  another  119  proof  n>unds,  and  one  only  27  proof  rounds/' 
lie  also  stated  that  one,  previously  cracked,  sto«Kl  15  proof  rounds, 
which  showed  the  high  ultimate  strength  of  the  gun. 

As  to  the  endurance  of  some  of  the  12|)ounders,  he  says:  ^^Ko. 
7  has  been  fired  3268  rounds,  and  is  perfe<*tly  good  and  service- 
able.  I  have  here  another  12-pounder  which  has  been  fired  1453 
rounds,  another  which  has  been  fired  1515  rounds,  another  which 
haf«  been  fired  1911  rounds,  and  another  which  has  been  fired 
1140  rounds,  which  may  be  taken  as  instances  of  tlie  very  great 
endurance  ]M)ssesped  by  these  guns.'* 

44#«  Table  64  gives  a  list  of  all  the  guns  returned  in 
W<H>lwich  for  repairs  up  to  June  o,  1^03.*  Sir  William  Ann- 
strung  makes  tlie  following  statemenf**  with  refereni*e  to  Uie  guns 
mentioned  in  Table  65 : 

^Out  of  60  O-poundcrs  issued,  only  one  had  to  be  returned  fc»r 
n*]iairs;  of  tlie  12-]M>undens  out  of  31^2  land  service  and  178  sea 
service  issued,  13  had  to  l)e  n^tumiHl.  Tliis  is  exclusive  of  20 
broken  vent-piwes  and  22  bn>ken  bree<'h  wrews.  Tliem*  guns  had 
fin^l  some  5<n)Oo  rounds.  Of  the  40])<iunders,  041  were  isnucKl  and 
9  returned.    Of  the  llO-jHiunders,  799  were  issued  and  9  retunie^l.** 

*  Wr  hftT«  DO  iiM«Dt  of  knowing  how  huldj,  if  unr.  gun*  n^punng  rrpnir*  Iuito 
ftol  !•«««  r«(urn«*<l:  but  wr  know  <44)>  Uut  nuuir  ctimtXj  Tv\min  mv  rvquirvU  ^/>r« 
lb#  mioii  U9  imiwmL 

f  *'  Bepurt  of  :^lffc(  (^umnuttM  un  OtUdaikv  **  \b6S. 
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Tablb  LXV.--Lnrr 


OF  ASXSTBONa    GUKS    ECHDKBSD  UimnTIOaABLI    BT  PBOTOTO 

Vorr-PiECES. 


{Fyom  the  JUpoH  qfthe  Sdeci  CommiUee  on  Ordnaiue^  IMS.) 


NAturo. 

Wh«re 

No.  of 
Oan. 

Proof ch«rge=SBerviee  cbmrfMi 
Proof  rounds  flTMt 

RBDMrkl. 

6-pdr... 

R.  G.  F. 

36 

9 

9-pdr... 

«( 

None  rendered  onterriceable. 

la-pdr... 

« 

Ditto              ditto. 

io<^r... 

«« 

Ditto              ditto 

4o.pdr... 

E.  0.  C, 

17 

460 

40-pdr... 

«( 

«47 

369 

40-pdr... 

c< 

166 

1050 

40.pdr... 

« 

184 

144 

40-pdr... 
iio-pdr... 
Iio-pdr... 

R.  0,  F. 
«< 

503 

17 

«3S 

«35 
309 

r  Cracked,  after  soo  ro«nd^ 
•  on  board  her  Majesty's  ship 
(  Her^t  and  not  repaired. 

iio-pdr... 

«( 

657 

H7 

I  lO-pdr... 

•• 

663 

357 

I  lo-pdr... 
1  lo-pdr... 
iio-pdr... 

E.  0.  C. 

683 
18 

»43 

161 

313 

»7 

i  Previoiisly  tested  with  100 
•  nmads  for  endnnacc,  with 
(shot  up  to  1000  lbs. 

lio-pdr... 

<C 

1       "' 

119 

44 1  •  Sir  William  Armstrong  conBidcrs  his  system  very  superior 
to  other  systems*  of  construction,  because  inventors  of  projectiles, 
rifling,  etc.,  who  want  strong  gun^,  always  avail  themselves  of  it 
by  applying  to  have  their  guns  made  at  Woolwich.  Tlie  fact  is, 
however,  that  no  other  system  accessible  to  them  has  been  rf<fiv/- 
oped.  The  following  evidence  of  Mr.  Whitworth*  touches  this 
point  very  fairly : 


*  Select  Committee  on  Ordnanoe,  18S3. 


Wbought  Iron.  375 

Q.  "  Do  yon  think  the  system  of  manufacture  under  Sir  Wil- 
liam Armstrong's  principle  is  right  or  wrong!** 

A.  **  I  believe  it  is  utterly  wrong/' 

Q.  **  Then  why  did  you  avail  yourself  of  it  ?** 

A.  **  Because  I  was  desirous  to  show  tliat  I  could — and  I  think 
that  I  could — send  a  shell  through  armor-plates,  and  there  was 
no  other  way  in  which  I  could  get  the  gim  made  with  a  7-inch 
bore,  weighing  7  tons,  except  at  Woolwick  I  am  convinced 
that  no  large  gun  made  of  welded  iron  will  stand  I  utterly  con- 
demn welded  iron  in  a  gun  at  all,  either  for  tlie  inner  tube  or  for 
the  ci>iL"' 

But  the  injury  of  that  very  gun,  in  the  manner  indicated 
by  Mr.  ^Vliitworth,  after  less  than  30  roundi^,  is  more  conclui^ive 
evidence  against  the  system.  The  9-inch  gtm  made  on  the 
same  plan  at  Woolwich,  for  Mr.  Lynall  Thomas  (34),  has  fired 
but  very  few  rounds.  The  first  10|-inch  Armstrong  muzzle- 
I<Muler  has  burst  twice  after  a  short  service  (446). 

449,  It  is  mentioned,  as  an  advantage  of  Uie  Amn^trong  sys- 
tem, that  injured  guns  can  be  taken  apart  and  repaire<l  in  detail 
i-ee  Table  LXIV.),  without  sacrificing  the  whole  structure,  as  in 
caM}  of  solid  guns.  But  this  feature  only  provides  a  remcnly  for 
a  defect  which  it  induces — tliis  very  want  of  integrity  creates 
weakne^n  and  haHtena  failure. 

4  IS.  Dkfwtb  or  thb  Svstkm. — All  the  guns  mentioned  in 
Table  (A  failed  after  tliey  were  i^4iued  fi>r  service.  That  many 
c«>!*tly  failures  occur  before  the  guns  are  ii^ued,  is  obvious  from  tlie 
fa<'tA  elicited  about  the  4<'>-i>ounden»,  by  the  Committee  on  Ord- 
nance«  during  the  session  of  18«-«3.  Out  of  193  gunn,  153  had 
b(*en  lap|)ed  out  and  otlierwii*e  repairc<l  at  the  c<ist  of  $20270 
<i:44>54»;  21  of  them  were  l>ouche<l  tbmughout  at  the  cost  of 
$3701.2:>  (£7iO— 5);  and  25  were  Ixnichctl  with  tuben  of  various 
lengths.  Sir  William  Armstrong  said,  indee<l,  that  these  **are 
4|ue>^tii>ns  of  manufacture,  and  not  of  repair.*' 

444.  Tlie  mcM  obvious  defect  in  the  Arm^itrong  gun  i^  in  the 
material  umkI — its  softn(>i«  and  consequent  yielding  under  the 
pretfiure  of  the  jMywder-gas.    8ince  no  other  material  but  wrought 
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iron  could  be  welded  up  in  this  way,  the  defect  may  be  £urly 
urged  against  the  system.* 

The  evidence  of  Mr.  Anderson  and  Sir  William  Armstrong, 
admitting  this  defect,  has  already  been  quoted  (402).  Some  in- 
stances will  illustrate  the  character  of  the  £dlure.  A  6f-in. 
Armstrong  gun,  tested  in  comparison  with  a  Mersey  solid-foiged 
gun,  endured  100  rounds  with  increasing  charges,  while  the 
Mersey  gun  burst  at  the  70th  round;  but  at  the  60th  round  the 
Armstrong  gun  had  a  cavity  2*75  in.  deep  in  the  chamber.  The 
200-pounder  side  breech-loader  bulged  at  the  7th  round.  A  110- 
pounder  that  had  fired  127  rounds  with  27i  lbs.  of  powder, 
and  48  with  14  lbs.,  was  indented  and  cracked  in  the  chamber. 
Subsequently,  133  rounds,  with  27^  lbs.,  parted  it  near  the  tnm* 
nions.  One  110-pounder  is  reported  to  have  become  fractured  in 
the  chamber,  and  destroyed  in  the  rifling,  after  57  service  rounds. 
The  9-in.  gun  made  for  Mr.  Lynall  Thomas  on  this  plan,  as  weU 
as  the  7-in.  gun  made  for  Mr.  Whitworth,  have  permanenUy 
changed  figure — ^the  latter  is  unfit  for  r^ular  service  after  leas 
than  30  rounds.  The  first  lOJH^.  gun  was  indented  in  the  cham- 
ber with  a  90-lb.  charge  (446),  and  a  round  150-lb.  baU.f 

All  the  Armstrong  guns  are  left  smaller  in  the  bore  than  the 
finished  size,  to  allow  for  expansion  in  proof— and  they  all  expand 
in  proof,  the  llO-pounders  in  a  considerable  and  irregular  d^ree. 

44tS.  The  small  amount  of  '^work  done"  in  slightly  stretching 
wrought  iron — its  great  ductility — allows  the  hoops  of  the  Arm- 
strong gun  to  relax.  In  several  instances  the  inner  tubes  have 
failed,  while  the  outer  ones  have  remained  whole. 

In  view  of  the  facility  with  which  the  outer  hoops  can  stretch, 
iheir  fracture^  several  instances  of  which  are  mentioned  in  tlie  Re- 
port of  the  Select  Committee  on  Ordnance  (1863),  must  be  traced  to 
those  eflTects  of  vibration  which  are  due  to  want  of  continuity  of 
substance  (335).  Table  (LXIY.)  has  many  examples  of  both  kinds 
of  faihire.     But  they  are  sooner  developed  in  the  lai^er  ordnance. 

*  Aocording  to  the  evidence  of  Hr.  Anderson  ("  Report  of  Committee  on  Ord- 
n«ice/'  1862X  the  harder  kinds  of  irons  weld  badly,  so  that  the  coils  split 

f  The  chamber  of  the  600-pr.  became  oval,  and  the  inner  tube  started  after "  a 
doeen  or  twenty  rounds.'*— Cap^  FishJbownM^  Jour,  Ji,  U.  Service  /imI,  Jfoy,  1864. 
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I.  The  firet  lOf-in.  smooth- 
bore (Fig.  177)  buret  after  firing  264 
gpherical  shot,  with  40-lb.  charges, 
in  nearly  all  case's,  there  were  sev- 
eral of  50  lbs.,  and  as  the  gim  had 
never  been  proved,  one  of  70,  one 
of  80,  and  one  of  90  11)8.  Tlio  lat- 
ter charge  was  not  considered  as 
excessive,  but  only  equivalent,  with 
a  s]>herical  i^hot,  to  50  lbs.  with  the 
8001b.  elongated  shot  that  the  gun 
was  intended  to  carry  when  rifled. 
Other  guns  of  this  class  have  firt*d 
300.1b.  shot  At  the  discharge  witli 
70  lbs.  of  powder,  die  inner  coil 
split  in  the  spiral  weld;  at  the  next 
round,  with  80  lbs.,  this  crack  chised 
and  another  opened  parallel  and 
near  to  it.  The  next  round,  with 
the  00-IIm.  charge,  made  a  crack 
l^arallel  to  the  lM)re,  in  the  outer 
coil,  behind  the  trunnions.  After 
a  few  n»unds  more,  tlie  breei'h-piecc 
pulled  apart,  as  shown  by  the  dotted 
line*  a  r,  and  blew  out.  Fig.  178 
fthows  the  condition  of  the  gun  after 
ftacture.  This  result  was  undoubt- 
edly hastened  by  the  gas  leaking 
past  tlie  movaiile  Ixittom  /^  of  the 
chamber,  and  the  cop{«r  disk  a  a^  and 
prcMsing  upon  the  larger  area  of  the 
screw-plug  6\* 


•  It  bi  worth  J  of  DoCo  that  \3t^  i 
tim  WM  adopted  for  the  now 

nnriek.     Mr.  Aodemon't  were 
ooUdlj-cioaad  looar  tube  (ji) 
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made  at 
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This  gun*  having  been  repaired,  one  of  the  outer  tubes  cracked 
again,  rendering  the  gun  unserviceable  after  a  few  rounds  with 


Pio.  178. 


First  Armstrong  lO^-inch  g^n^  after  the  breech  blew  out.    From  a  photograph. 

50  lbs.  of  powder  and  a  round  ball.  And  the  new  lO^-in.  guns 
that  have  been  rifled  show  such  limited  endurance  that  the  charge 
with  an  elongated  shot  has  been  reduced  from  50  to  45,  and  then 
to  35  lbs.  One  of  them  was  fractured  in  the  chase,  at  the  8th 
round,  by  the  sudden  nipping  of  the  shunt-shot. 

447  The  following  is  the  report  of  the  Ordnance  Select  Com- 
mittee on  the  failure  of  the  120-pounder  shunt  gun  rf  "  The  Com- 
mittee have  the  honor  to  report,  for  the  information  of  the 
Secretary  of  State,  that  the  120-pounder  muzzle-loading  shunt 
gun,  which  they  were  authorized  to  fire  with  shot  reduced  to  100 
lbs.  weight,  and  a  charge  of  one-fourth,  gave  way  in  the  trunnion 

*  With  regard  to  the  burating  of  this  gim.  Mr.  Anderson  said,  before  the  Select  Com- 
mittee on  Ordnance,  1862,  that  "to  provide  for  any  escape  of  gas  that  there  might  be, 
an  annular  passage  around  the  gpin  was  left,  and  in  the  drawing  it  was  shown  with 
an  opening  to  the  outside.  The  workman,  in  making  that  opening,  drilled  a  hole  into 
another  part  of  the  gun,  and  not  into  the  passage,  and  hence,  when  the  leakage  arose, 
the  pressure  was  exerted  over  a  very  much  larger  surface;  there  being  no  vent 
through  the  solid  part,  hence  the  pressure  came  upon  nearly  a  double  area.** 

f  *'  Report  of  the  Select  Committee  on  Ordnance,"  1803. 
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oofl  at  the  second  round,  and  is  at  present  nnservioeable.  The 
actual  weight  of  the  shot  fired  was  only  98  lbs.,  and  the  diarge 
24  lbs.  The  gun  having  been  fired  with  impunity,  by  the  Iron 
Plate  Committee,  with  shot  of  140  lbs.,  and  a  chaige  of  20  lbs., 
this  accident  cannot  be  attributed  to  the  severity  of  the  charge. 
It  has  fired,  altogether,  103  rounds,  and  the  present  failure  must 
either  l>e  traceable  to  a  weakness  originally  stated  by  Sir  William 
Armstrong  to  exist  in  it,  or  be  the  coiisefjuence  of  using  the  pow- 
der known  as  2  A  4.  The  Committee  do  not  appreliend  the  latter 
to  be  tliecase;  and  the  re]K>rtcd  position  of  the  crack,  which  is  far 
forward,  tends  to  show  that  a  flaw  must  have  existed,  because  the 
force  of  the  powder  would  be  diminished  by  expansion  to  less 
than  one-half  its  original  amount  before  it  could  operate  on  that 
part  of  the  structure." 

Perha|is  the  sudden  blow  of  the  shunt-shot  as  it  centred  in 
that  part  of  tlie  bore,  and  the  various  effects  of  vibration,  would 
account  for  tliis  failure,  since  one  of  the  300-pounders  gave  way  in 
a  similar  place. 

44M.  (^barges  of  25  lbs.  of  powder  are  said  to  have  rapidly 
destroyed  llO-ponnders.  The  service  charge  (for  shot)  for  these 
gan»  has  ))cen  reduced  from  14  to  12  lbs. 

TIic  effect  of  multiplying  parts  is  shown  by  the  failure  of 
boucIuMl  guns,  about  which  much  testimony  was  tiiken  by  the 
Select  (  ommittee  on  Ordnance,  during  the  se88ton  of  1863. 

Nearly  all  the  old  pattern  12-ix>under8  were  found  too  weak,  and 
aru  U'ing  altered  by  having  12  in.  cut  off  fn>m  the  muzzle,  and  a 
hi-avier  and  longer  coil  placed  in  fnmt  of  the  trunnions. 

The  character  of  these  failures — a  general  loosening  and  iihaking 
to  piectm  of  the  gun  aAer  short  »erviee — although  aggravated  by 
the  soAnc^M^  and  extreme  ductility  of  the  metal,  nniht  l>e  traced,  in 
a  great  degree,  to  want  of  mass  and  continuity  of  parts. 

•I4#«  Although  the  welds  are  in  the  diro<*tion  of  letuvt  Htrain, 
the  uplitting  of  the  inner  coil  is  admitttnl  by  Mr.  Anderson  ami 
others,  in  the  eviden<-e  t>eforo  the  Seltvt  Committee  on  Ordnanc«« 
I  l^^^'ioi,  to  1h»  <»f  fn^juent  tK*cum»ncc.* 

*  lo  dtaruMiof  Uiii  tutiiect  in  December.  HCl.  befor*  Um  C&iUd  Serrloa  Inrti- 
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As  to  the  welds,  Mr.  AndereoD  says  :*  "  With  iron  of  the  verj 
1)e8t  quality  which  we  have  as  yet  been  able  to  obtain,  the  liigfaest 
avera^  tenai^ity  of  tlie  welding  of  the  coil  has  been  32140  )b& 
per  square  inch,  the  iron  being  55500  Iba.  ♦  ♦  ♦  It  will  thus 
be  seen  that  the  ultimate  strength  of  a  coil  in  the  circumferential 
direction,  is  about  55000  lbs.  per  inch,  while  in  that  of  its  length 
it  is  only  32  140  lbs.  per  inch." 

4tSO.  The  following  defect  is  mentioned  by  Captain  Fisb- 
boume.f  '^  The  coils  are  shrunk  on  hot ;  the  metal  of  oonne  con- 
tracts in  every  direction,  consequently  the  joints  open ;  it  were 
impossible  they  should  be  close ;  the  overU^ping  pieces  at  the 
joints  indicate  the  knowledge  of  this  defect  All  these  are  points 
of  weakness,  and  the  whole  of  the  great  vibration  which  takes 
place  every  time  the  gun  is  fired,  must  be  thrown  in  turn  on  these 
separate  parts,  and  not  distributed,  owing  to  the  continuity  being 
broken,  which  must  lead  early  to  the  disint^;ration  of  the  gun." 

4tSl.  Another  possible  disaster,  serious,  perhaps,  but  not  very 
likely  to  occur  in  case  of  guns  wholly  inclosed  in  turrets  or  case- 
mates, is  damage  from  the  blows  of  shot  or  flying  pieces  of  armor. 
''  Tliis  was  shown,"  says  Commander  Scott,^  ^'  in  the  experiment 
of  firing  with  a  9-poundcr  smooth-bore  brass  field-piece,  at  a  rifled 
12-pounder  coiled  gun,  and  also  at  a  9-pounder  brass  gun.  The 
charges  were  very  much  reduced,  so  as  to  resemble  the  effect  of 
distant  firing."  In  this  trial  the  12-pounder  was  broken  to  pieces 
in  3  rounds,  each  blow  being  alone  sufficient  to  disable  it ;  while  the 

tution,  Commander  SooU  Baid : — **  The  ooOs  of  which  Uie  gun  is  made,  thodg^  ex- 
ceedingly strong  to  resist  direct  internal  pressurOf  often  show  flaws  after  firing;  ^  * 
the  coils  are  also  liable  to  separate.  This  was  shown  bj  the  100>pounder  whidt  was 
returned  from  Shoeboryness,  badly  cracked  in  the  inner  tnbe  of  the  breerh,  and  In 
another  gun,  also  sent  back  on  aooount  of  a  similar  flaw  in  a  similar  part  It  was 
also  equally  apparent  in  the  12-pounder  which  failed  and  became  wholly  disabled  in 
ordinary  practice  at  Shoeburyness.  ^  e  ^  The  separation  of  ooQa  bna  freqnenUy 
happened  *  in  proof  with  both  40  and  lOO-pounders,  and  alao  took  pboa  with  one  ISO- 
pounder  shunt,  and  may  be  expected  to  h^pen  on  service  from  the  coQCoasion  and 
friction  resulting  frx>m  the  jar  before  the  leaded  ahct  starts,  and  the  strain  of  dming  it 
through  a  hole  of  smaller  diameter  than  itself" 

*  Jour.  Royal  U.  Service  Inst,  Aug.,  1862. 

f  Jour.  Royal  U.  Service  Inst,  June,  1862. 

X  Jour.  Royal  U.  Service  Inst,  Dec,  1861. 
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d-poander,  mfter  reoeiving  the  same  number  of  shotfl  on  one  Bide, 
nasUined  a  similar  diachaif^e  against  the  other,  and  remained  still 
senrioeable  for  discharging  grape,  case,  or  6*lb.  roand  balU.  In 
fact,  but  for  one  blow  on  the  thinnest  part  of  the  chase,  the  gun 
oonld  have  continued  to  fire  its  usual  lunmunitiun ;  and  while  the 
broken  breech-loader  would  have  perlia{is  not  been  worth  removal 
from  tlie  field  of  battle,  the  brass  gun  could  have  been  made  as 
serviceable  as  ever  in  a  couple  of  hours." 

4A9«  With  reference  to  the  necessity  of  employing  this  t^ystem 
for  very  large  guns,  Mr.  Anderson  said,  before  the  Defence  Com* 
mission  in  1862,  that  '*  building  the  gun  up  with  portions  of  the 
iron  one  above  the  other,'^  appeared  to  be  *'  the  only  ready  way 
of  constructing  enormous  guns,  and  getting  them  absolutely  per- 
fect when  made ;"'  and  tliat  U{H>n  consultation  with  oUiers,  he  had 
determined  that  24-ineli  guns  could  be  made,  but  at  a  very  con- 
siderable expense.  He  said  that  the  great  difficulty  of  manufac- 
ture was  in  handling  such  enormous  masses,  but  that  he  had  been 
deviling  arrangements  ^'to  make  men  into  giants,  as  it  were. 
•  •  •  Yon  want  an  arrangement  that  would  enable  a  man  or  two 
to  manipulate  tljose  great  things  readily  without  going  near  thein.^^ 

4AS,  The  success  of  the  system  certainly  de|)ends  upon  the 
ose  of  cfjstly  machiner}' ;  and  its  development  from  the  beginning 
has  lieen  chiefly  a  matter  of  money.  Tlie  difficulties  to  be  over- 
come were  numerous  and  formidable.  The  proper  joining  of  the 
rings  at  their  ends,  the  proportioning  of  the  brcech-pic<?o  to  the 
requinite  longitudinal  strength,  the  adjustment  of  the  ho<>{)s  to 
give  the  ncecMary  initial  tenbion,  and  the  general  elasticity  of  the 
whole  structure  under  fire,  involved  so  much  costly  ex|ieriuient, 
that  access  to  the  (lovcmment  purse  was  an  important,  if  not  an 
essential  condition,  of  tlie  final  pnxluction  of  the  presc*nt  Arm- 
strong gun.  If  the  still  larger  sums  which  have  been  exiK*nded 
on  a  ba<l  system  of  rifling,  and  an  unne(t9M%ary  system  of  breech- 
UMMliug,  had  been  devoted  tf>  the  adaptation  of  low  hteel,  from 
which  Mr.  Anderson,  witli  all  his  preferences  for  iron,  cvidcMitly 
expects  great  results — the  Armstrong  gun  would  pmbably  have 
been  fair  muro  formidable. 
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434.  Weldino. — The  hardest  and  toughest  wronght  iroD— 
such  as  that  used  by  Captain  Parrott  for  reinforcing  cast-iroo  gaos 
— may  indeed  be  indented  and  stretched  by  the  heaviest  charges ; 
but  its  chief  defect,  when  welded  into  masses  of  sufficient  size  to 
avoid  the  destructive  effects  of  vibration  (335)1  is  in  the  imperfect 
adhesion  of  necessarily  small  pieces  (415). 

Nor  is  the  objection  to  ^Delda — that  is  to  say,  to  the  uniting  of 
parts  that  once  were  separate.  Indeed,  the  ultimate  atoms  of 
matter  are  not  supposed  to  be  in  absolute  contact  with  each  other. 
They  are  kept  at  a  certain  distance  apart  by  heat,  and  held  from 
further  separation  by  the  attraction  of  cohesion.  When  they  are 
violently  separated,  beyond  the  range  of  cohesion,  they  cannot  be 
again  perfectly  united  until  they  are  brought  within  their  original 
distances  from  each  other.  When  so  brought  together,  hot  or  cold, 
the  old  antagonism  of  forces  will  ensue.  Heat  is  only  a  convenient 
means  of  restoring  the  distance  between  the  atoms,  because  it  allows 
tliem  to  move  among  themselves,  and  to  adjust  themselves  by 
gravity,  when  a  melting  heat  is  reached,  and  by  slight  pressore 
when  only  a  softening  heat  is  attained.  Cast  iron,  cast  steel,  and 
bronze,  may  be  welded  at  a  melting  heat ;  but  although  wrought 
iron  cannot  be  melted  at  a  practicable  heat,  every  iron-worker 
knows  that  it  can  be  treated  so  as  to  have  as  much  strength  at  the 
weld  as  elsewhere,  and  sometimes  more  strength,  because  the  iron 
at  this  point  is  better  worked. 

4«SS.  Hence  it  appears  that,  although  in  the  general  practice, 
welds  are  treated  as  weak  points,  and  a  still  further  allowance  is 
made,  especially  in  large  forgings  for  actual  seams  or  flaws,  there 
is  no  physical  law  against  sound  welding,  if  iron  and  iron  are 
brought  together  at  the  proper  heat,  and  under  the  proper  pres- 
sure. A  certain  amount  of  cinder  is  necessary  to  the  process, 
but  this  already  exists  in  the  iron,  or  may  be  artificially  supplied. 
The  risk,  as  far  as  cinder  is  concerned,  is,  that  too  much  of  it  will 
be  enclosed  by  joining  the  edges  of  the  iron,  and  thus  preventing 
a  union  at  the  centre  (Fig.  179).  To  remedy  this  defect,  it  has 
long  since  been  proposed  to  shape  the  parts  so  that  the  centre  or 
one  edge  will  be  first  joined,  thus  allowing  the  superfluous  cinder 
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to  be  squeezed  out  at  one  or  both  edges,  as  the  parts  are  brought 
together.  (Figs.  180  aud  181.)    This  improvement,  which  special 

Fig.  1T».  Fig.  180.  1%.  ISL 
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pn>vi8ion  is  made  to  avoid  in  Uie  Armstrong  gun,  by  bringing  the 
eoiU  (slightly  np^et  on  their  edges  by  the  coiling  process)  flatly 
together  (Fig.  179),  is  adopted  in  the  welding  of  the  reinforce  of 
the  Parrott  gun,  by  bringing  the  edges  together  first  (Fig.  181). 

4S6,  Tlie  next  condition  of  a  perfect  weld  is,  that  no  substance 
tliat  will  impair  it  shall  be  inter]>osed  between  the  parts.  Oxide 
of  iron,  in  the  form  of  s^'alen,  which  form  very  rapidly  when  a 
heated  bar  is  ex}K>tMKl  to  the  air,  undoubtedly  pre%'ents  a  perfei*t 
union.  The  bla4*ksmith  joins  his  two  bars  in  the  fire,  or  us  quickly 
as  jMrnsible  after  they  are  remove<l ;  or,  if  much  time  is  lost,  he 
bru^hes  away  the  s<'a1e,  and  then  instantly  closi^s  up  the  joint  by 
heavy  blow.4 ;  and  so  makes  a  giKni  weld.  But  several  minutes 
mitot  eU)icK?  iHifore  large  parts  can  be  brought  togetlier.  Mean- 
whik%  tliick  s<*h1cs  are  fomiing  in  places  where  they  caimot  be 
renKived.  The  rapidity  with  which  iron  at  a  welding  heat 
bec^imcM  oxydize<l  is  strikingly  illustrated  in  the  o|>eration  of 
**  {tatting**  the  Annstrong  tul>es  after  they  arc  weldinl  end  to  end 
(8).  Tlie  M'ttles  that  form  on  the  inside  of  the  tube  are  jarred  off 
at  every  stroke  of  the  hammer  U|M>n  the  outride,  thus  exposing 
fresh  surfac'CM  to  t>xidation.  At  the  end  of  the  process,  the  scales 
form  a  pile  in  the  tiilie  several  inches  in  depth. 

4«I7«  To  u|»^et  the  Armstrong  i-oil  (432),  it  must  l)e  taken  fn»m 
the  fuma4*e  by  a  crane,  swung  round  to  the  hammer,  and  located 
on  tlie  anvil.  li\  the  time  this  is  dime,  a  thick  scale,  which  can- 
not be  got  at  anci  rvmovtnK  luis  covered  the  entire  surface  to  be 
welded.  The  fin*t  Tew  blows  of  the  hammer  jar  off  this  scale, 
exptistng  frvsh  surfa^M*n  U)  oxitlation,  l>efore  the  seam  is  sufficiently 
clifi-d  Ut  exclude  air.  If  the  »urfacc>s  were  bevellwl  w)  as  to  close 
up  at  one  wlge,  or  in  the  centn%  first,  the  outflowing  cinder  might 
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carry  off  some  of  the  scale.  As  thej  are,  both  cinder  and  scale 
must  be  shut  in.  This  would  appear  to  explain  the  reason  why 
Mr.  Anderson  gets  only  the  highest  average  tenacity  of  32140 
lbs.  at  the  welds  between  bars  having  55500  lbs. 

4«i8«  Since  oxidation  cannot  be  prevented  by  any  practicable 
rapidity  of  operation,  the  only  remedy  appears  to  be  the  exclusion 
of  oxygen,  that  is  to  say,  making  the  weld  in  an  atmosphere  which 
oatUavnH  no  oxygen^  or,  at  most,  but  a  trace  of  oxygen.  The  gas* 
eons  products  of  combusti(»n  constitute  such  an  atmosphere.  The 
parts  are  already  in  it  when  raised  to  the  welding  heat,  and 
require  only  proper  contact  before  they  are  removed  from  it,  to 
avoid  the  interposition  of  scale. 

Oas-welding  was  long  since  proposed  by  Mr.  W.  Bridges 
Adams,  of  London,  and  referred  to  by  him  during  the  discussion 
on  "  The  Construction  of  Artillery,"  already  quoted,*  as  follows : 
^^  As  regarded  the  question  between  built  guns  and  solid  forgings, 
the  present  practical  condition  of  the  art  of  foi^ng  made  the 
former  mode  preferable ;  but  it  was  probable  that  ultimately  a 
mode  of  welding  by  jets  of  intense  gas-flame,  instead  of  by  fnr- 
naoeheat,  would  enable  the  manufacturer  to  pile  any  mass  of  iron 
together  in  perfect  welds,  without  any  oxidation  of  the  surfaces 
internally  " 

4ff9.  This  system  has  been  applied  to  the  construction  of 
steam-boilers  with  great  success,  considering  the  crudity  of  the 
machinery  and  processes  employed,  by  Mr.  William  Bertram,  of 
Woolwich.f  The  edges  to  be  welded  are  placed  in  contact 
between  jets  of  flame  issuing  from  two  furnaces  attached  to  cranes 
or  cars,  one  on  each  side,  after  which  the  furnaces  are  removed, 
and  the  compression  is  done  (not  much  is  required  wlien  the  sur- 
faces are  clean  and  fit  well)  by  hand-hammers  or  steam-hammers, 
so  fixed  to  the  same  or  other  cranes  or  cars  that  they  can  be 
instantly  brought  into  service.  Government  experiments  at 
Woolwich  show  the  following  percentage  of  strength,  that  of  the 
plate  being  100 : 

•  "ConstructioQ  of  ArttUery,"  Inst  CiTa  Enginaen,  ISSO. 
t  Patent,  Dec,  21,  1854.     Na  2692. 
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|>9,      i ^■■'^^    do.  J^-Ul  do. - -     toi 

Do.  do.    f-ia.  do. 105*7 

Bertram's  proceas  is  saccesBfally  employed  by  the  Batterly 
Iron  Company  in  the  manufacture  of  heavy  beams.  The  sul- 
phur in  coal  is  another  cause  of  imperfect  welds.  The  bad 
effects  of  this  mineral  are  so  formidable,  that  Mr.  Bessemer 
melts  the  pig*iron,  for  conversion  by  his  process,  in  a  rever- 
l^eratory  iumaoe,  rather  than  to  risk  its  contact  with  sulphur  in  a 
cnpola. 

Adequate  heat  and  pressure  are  the  remaining  obvious  condi- 
tions of  sound  welding.  Although  little  pressure  may  be  required, 
an  excessive  amount  can  do  no  harm,  but,  on  the  contrary,  im- 
proves  the  iron. 

4C#,  IlrrcBOOCK's  8tbtkx. — To  carry  out,  in  the  fabrication 
of  large  cannon,  the  principles  of  sound  welding  considered 
above,  Mr.  Alonzo  Ilitchcock,  of  New  York,  proposes  the  system 
illostrated  by  Fig.  182.  The  iron  is  heated  in  a  rever1)eratory 
furnace,  to  avoid  its  contact  witli  sulphur  and  other  impurities 
i)f  a»al.  The  gun  is  formed  of  rings  of  wrought  inm,  or  low 
^teoI  made  without  welds  (68),  and  upset  or  butted  together,  as 
\*y  Ames*s  pro(*ess  (128).  The  rings  are  so  formed  as  to  ))e  united 
Kr»t  in  the  centre  (455),  that  the  sui)crflnous  cinder  may  l>e 
MjuecEed  out.  The  anvil  (&)  is  seated  on  the  piston  of  a  hydro- 
static preM  (^),  so  as  to  bo  lowered  as  the  successive  riiijj:^  (a)  are 
ailded.  The  furnace  (/)  is  situated  between  the  anvil  and  tlie 
»ti*am-hainmer  (^),  and  so  arranged  that  the  rings  prajec*t  into  it 
from  below,  and  tlie  hammer  dn)])s  into  it  from  alK>ve. 

The  ring  to  form  the  muule  of  the  gun  is  laid  ni>on  the 
movable  anvil  and  projc(!ted  sufficiently  int4>  Uio  furnace  to  allow 
the  flame  to  raise  it  to  the  welding  hi*at.  Meanwhile,  in  another 
part  of  the  furnace,  the  rings  (t)  arc  heated  to  welding  in  the 
same  time,  by  profHirtioning  the  heat,  by  means  of  <larn]HTS,  to 
the  relative  bulks  of  the  two  parts.  Witliout  removing  tlie  {larts 
from  an  atmosphere  in  which  there  is  very  little  if  any  oxygen, 
they  are  laid  t<igether  and  instantly  welded  by  a  few  strokes  of 
25 
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the  fiteam-hamtner.     The  anvil  is  then  lowered  by  the  thickness 
of  another  ring,  and  the  same  process  is  repeated. 

Although  the  ffun  may  be  of  any  size,  the  parts  actually  united  at 
one  o{)eration  may  be  made  so  light  by  reducing  their  thicknes8, 
that  the  pressure  of  a  hammer  of  moderate  weight  will  be  adequate. 

And  when  the  whole  o[)eration  of  upsetting  is  confined  to  one 
joint,  exactly  the  requisite  pressure  for  that  joint  can  be  applied ; 
and  there  is  no  fear  of  injuring  other  parts  by  setting  it  up  soundly, 
because  the  mass  of  the  gun  below  it  is  cold,  and  forms  a  rigid 
pillar — pnu'tically  a  continuation  of  the  anvil. 
•  491.  The  blows  upon  the  end  of  the  Armstrong  coil  (Fig.  1S3) 
have  to  weld  a  great  number  of  joints ;  those  next  the  anvil  and  those 
that,  from  ba<]  fitting,  require  the  most  pressure,  are  not  always 
M.*t  up  until  other  parts  of  the  tube,  which 
lA  a  long  column  softene<l  by  heat,  are 
bulge<]  and  dibfi^ure<l.  To  avoid  destroy- 
ing the  tulicH  in  this  way,  they  are  made 
in  hhort  IcMigths,  which  have  to  be  joined 
by  a  i»uWcfjucnt  proin*^*,  at  a  considerable 
c<jst.  Even  these  arc  bulged,  and  have  to 
be  rcstr»reil  to  the  cylindrical  shape  by  **  patting"  (8). 

4C9.  It  would  apfH'ar  that  all  tlic  conditions  of  sound  welding 
nuiy  thus  be  attaine<i,  if  the  prtK-esA  can  be  practically  carried  out. 
Tlie  obje<'tion  niiMNl  by  H)ine  iron-workers,  that  the  single  ring 
will  Ih;  burned  U'fore  the  larger  ma^n  is  heated  to  welding,  is  not 
well  foun(le<l.  ('ertainly  the  heat  in  what  are  substantially,  or  may 
be  actually,  two  different  furnaces,  can  be  regulated  with  the 
utiiioi^t  nicety.  I^*iiideit,  the  matis  is  already  hot  before  tlie  ring 
to  Im*  added  to  it  is  put  into  the  flame.  Ixxrating  an  anvil  u|>on 
water  i^  ^i^lply  a  que^tion  of  the  btrength  of  what  holds  the  water. 
A  M*rcw  Would  aubwer  the  pur|Kibe,  and  would  not  l>e  liable  to 
derangement,  binc*e  an  accurate  fit  is  not  im])ortant,  and  the  ad- 
jiutuient  does  not  take  place  at  the  instant  of  the  blow.  Or,  the 
iM.*rew  nii;;ht  l>c  employed  simply  to  elevate  and  depreni  the  anvil 
— the  force*  of  the  blow  being  rw'eivwl  by  blocks  of  varying  thick- 
placed  between  the  anvil  and  its  bed. 
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4ttS.  The  mechanical  difficulties  do  not  appear  to  be  serioos ; 
and  a  conBiderable  cost  of  apparatus  is  warranted  by  the  certainty 
of  soond  work.  The  expense  of  dressing  the  ends  of  short  tubes 
by  the  Armstrong  process,  and  of  making  colossal  furnaces  and 
hammers  to  heat  and  condense  a  80  or  40-ton  forging  to  the  core, 
is  dispensed  with.  Indeed,  the  furnace  may  be  little  larger  than 
that  employed  for  gas-welding  the  Armstrong  tubes  (8). 

464,  Mr.  Hitchcock's  process  was  intended  especially  for  fabri- 
cating guns  of  low  steel — ^the  rings  to  be  made  without  welds,  by 
being  originally  cast  in  the  form  of  small  thick  rings,  and  then 
rolled,  in  a  modification  of  the  tire-rolling  machine,  to  a  laiger. 
diameter  and  a  smaller  section.  This  treatment  would  develop  an 
endless  grain  in  the  rings,  in  the  direction  of  the  circumference  (68). 

4CS.  Wrought  iron  may  be  formed  into  rings  without  seams 
parallel  to  the  bore,  by  Ames's  process  (128) — ^flattening  a  mass 
under  the  hammer,  and  then  punching  or  boring  a  hole  in  it 
Bings  (tires)  are  made  without  welds,  by  Mr.  Erupp,  by  boring 
holes  in  the  ends  of  a  bar  (Fig.  184),  slotting  between  those  holes, 
and  then  opening  out  the  sides.  Mr.  Bessemer  has  patented*  a 
plan  of  making  hoops — ^flattening  low  steel  masses  into  large 
washers,  and  then  boring  or  punching  them.  The  material  thus 
treated  would  be  very  sound,  and  the  grain  would 
°'  run  both  radially  and  circumferentially ;  that  is  to 

say,  the  crystals  would  be  upset  into  lammae  instead 
^^  -,  of  being  drawn  into  fibres.    Or  Mr.  Ames's  rings 

thod  of  m*-    could  be  rolled  in  the  tire-machine  so  as  to  develop  an 
li^^  endless  circular  grain.    Again,  very  short  Armstrong 

coils  could  be  welded  together  by  Hitchcock's  pro- 
cess, thus  avoiding  the  embarrassments  of  Armstrong's  present 
process. 

SBonoN  lY.    Stskl. 

4C#«  IIioH  AND  Low  Stbkl. — ^By  high  steel  is  meant  that 
which  contains  a  large  amount  of  carbon,  and  a  consequently  low 

•  Jan.  SS,  1861. 
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specific  gravity.  Its  distingnighing  properties  are  extreme  ulti- 
mate tenacityi  hardness,  and  capability  of  extension  without  per- 
manent change  of  figure ;  but  its  extensibility  beyond  the  elastic 
limit  is  small,  and  it  is  therefore  brittle  under  concussion.  It  will 
harden  when  heated  and  immersed  in  water ;  it  is  with  difllculty 
welded,  because  it  deteriorates  under  high  heat,  and  because  its 
welding  heat  is  so  very  near  its  melting  point ;  and  it  is  melted 
at  a  low  temperature  as  compared  with  wrought  iron. 

Its  obvious  defect  for  guns  is  its  brittleness ;  but  if  so  large  a 
mass  is  used  that  its  elastic  limit  will  never  be  exceeded,  or  if  it 
is  jacketed  with  a  less  extensible  metal  (320),  this  defect  is 
remedied  or  modified.  Low  steel,  however,  is  a  more  suitable 
metal  for  cannon,  according  to  present  testa. 

Low  steel,  also  called  '^  mild  steel,''  ^*  soft  steel,"  "  homogeneous 
metal,*^  and  *^  homogeneous  iron,"  contains  less  carbon,  and  has  a 
higher  siKxsific  gravity;  it  can  be  welded  without  difficulty, 
although  overheating  deteriorates  it,  and  it  more  nearly  resembles 
wrought  iron  in  all  its  properties,  although  it  has  much  greater 
hanluess  and  ultioiate  tenacity,  and  a  lower  range  of  ductility, 
dep4.*uding  on  its  proportion  of  carbon.  It  has  less  extensibility 
within  Uie  elastic  limit  than  high  steel,  but  greater  extensibility 
licyond  it;  that  is  to  say, greater  ductility. 

Tlie  grand  advantage  of  low  stool  over  wn>nglit  iron,  for  nearly 
all  puriK«4«,  is,  that  it  can  bo  melte<l  at  a  practicable  heat  and 
run  into  large  masses;  thus  avoiding  the  serious  dcfoc*t  of  wrought 
iron  in  largo  masses — want  of  soundness  and  homogeneity.  Its 
other  im]M>rtant  advantages  for  cannon  are,  greater  elasticity, 
•  tenacity,  and  hardness. 

4C7,  ELAsncmr  and  DccnLmr.^Mr.  Anderson,  Sir  Wil- 
liam Armstrong,  Mr.  MalU*t,  and  others,  complain,  in  various 
public  statements,  that  m(Mt  of  the  stool  they  have  ex))erimentcd 
with  for  guns  is  too  brittle— that  it  gives  way  under  #ti//r/<^ 
strains,  which  wrought  iron  will  stand.  Hence  steel,  especially 
high  stecU  lias  lioen  condcmn('<l  as  a  cannon-metal. 

In  answering  this  obje<*tion,let  us  briefly  review  what  has  l>eeu 
•aid  under  the  head  of  '*  Ductility**  ('344)-    Sup))osc  two  thin  tubes 
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of  equal  size,  one  of  high  steel,  and  the  other  of  wrought  iron,  to 
be  subjected  to  the  violent  and  sudden  strains  of  gunpowder.  The 
elastic  limit  of  the  steel  is  overcome,  and  it  soon  breaks,  because 
it  has  but  a  small  reserve  of  ductility  to  draw  upon,  to  eke  out  ita 
integrity.  The  elastic  limit  of  the  wrought-iron  tube  is  overcome 
much  sooner,  but  it  has  an  immense  capital  of  ductility  to  expend, 
and  so  it  stretches  and  stretches  for  a  long  time  without  fracture. 

Now  suppose  the  quantity — thickness  of  steel  to  be  increased 
just  so  much  that  the  pressure — ^proof  charges,  for  instance — will 
never  overcome  its  elastic  limit,  that  is  to  say,  so  that  its  particles 
will  return  to  their  original  position  after  the  pressure  ceases.  Its 
original  resistance  to  the  next  strain  is  then  unimpaired,  and  there 
is  no  evidence  that  it  will  ever  become  impaired ;  for  elasticity  is 
simply  the  antagonism  between  two  tireless  and  changeless  forces 
— repulsion  by  heat,  and  the  attraction  of  cohesion. 

But  in  order  to  bear  the  same  pressure  (and  the  demand  is  for 
the  highest  possible  pressure  of  powder),  the  iron,  equally  increased 
in  quantity,  will  stretch  beyond  its  elastic  limit,  and  therefore  must 
depend  upon  a  new  arrangement  of  particles  and  a  new  limit  of 
elasticity,  for  continued  cohesion.  Its  great  ductility  allows  this 
rearrangement  to  continue  for  some  time ;  but  although  it  may 
stretch  to  a  less  distance  at  each  renewed  application  of  the  pres- 
sure, its  ability  to  stretch  and  its  range  of  elasticity  are  constantly 
diminishing,  until  it  at  last  arrives  at  a  point  where  it  can  stretch 
no  further  without  fracture.  It  has  exhausted  its  reserved  duc- 
tility. If  it  were'  not  so,  iron  would  never  be  broken  at  all  by 
stretching.  In  addition  to  this,  although  a  given  area  of  stretched 
iron  may  sustain  more  than  the  same  area  of  the  original  metal, 
the  total  area  is  constantly  diminishing.  It  is,  to  a  great  extent, 
a  substitution  of  a  little  strong  iron  for  mnch  weak  iron.  In  order 
to  endure  <is  Iwig  ns  the  steel,  the  iron  must  be  still  greater  in 
quantity,  because  the  ''  work  done^'  to  raise  it  to  its  limit  of  elas- 
ticity is  lesi^  than  that  required  to  raise  steel  to  its  limit  of  elas- 
ticity (349,  352,  353). 

498.  This  explains  the  failure,  after  short  service,  of  thin  tubes 
made  of  the  moderately  high  steel  heretofore  used,  while  thin 
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iran  tabes  appear  to  be  nnimpaired  by  elongation,  althottgli  they 
certainly  are  impaired  from  another  cau8e — compression.  It  is 
simply  a  question  of  excess  of  metal  and,  practically,  endless  endu- 
rance, on  tlie  one  hand,  and  ultimate  failure  on  the  other  hand. 

The  serious  mistake  in  tlie  use  of  the  steel  heretofore  obtained, 
for  extreme  charges  of  powder,  ap])eara  to  have  arisen  from  the 
neglect  of  the  whole  subject  of  the  elastic  and  the  ductile  limits. 
Because  the  ti2^'ma^«^ivn^A  of  steel  was  higher  than  that  of  iron, 
the  quantity  of  the  material  has  been  proportionately  reduced, 
when  its  quantity  should  have  l)een  proportioned  to  the  work 
done  in  overcoming  its  resistance  to  extension. 

If  steel,  or  any  metal  requiring  the  highest  attainable  effort  of 
force  in  motion  to  stretch  it  xoiihin  its  elastic  limit,  could  also  be 
made  to  have  a  great  range  of  ductility  beyond  it,  the  safest  and 
nuMt  |>erfect  cannon-metal  would  be  obtained.  But  unfortunately, 
as  the  one  property  increases,  the  other  decreases.  (Table  69.) 
Lf»w  »teel,  the  amounts  of  metal  being  the  same  in  each  case, 
Would  stand  more  pressure  than  iron  within  the  elastic  range,  and 
would  stand  sudden  strains  longer  than  high  steel;  but  its  elastic 
limit  once  exceeded,  from  any  cauM%  it  would  fail  sooner  than 
wrought  iron.  As  a  compromise  l>ctween  high  steel  and  wrought 
in>n,  it  has  this  advantage :  that  a  small  increase  of  weight  of  ma- 
terial will  bear  a  considerable  increase  of  pressure,  within  the 
limilj^  of  safety. 

4#9,  But  ac(*ording  to  Mr.  Kirkaldy's  experiments,*  the  lower 
steels  have  a  considerable  degree  of  extensibility  before  fra(*ture, 
(Table  •W),  and  «)  much  tenacity  that  the  work  done  in  stretch- 
ing them  to  rupture  actually  ex(*ee<ls  that  re<iuired  to  rupture  the 
liest  wrought  iron.  In  the  table*  M*veral  of  the  be^t  siK*<'imens  of 
both  irtm  an<l  steel  mentione<l  by  Mr.  Kirkaldy,  are  c*ompared  in 
this  reganl.  The  average  of  the  steel  not  specially  treated,  is 
hiirher  tliaii  that  of  the  inm. 

*  It  i«  to  br  rvfrreUcd  that  Mr.  RirkAMr  Hm  bm  irivta  Uie  limit  oC  tU«t>ntr ;  to  IhU 
w*  ouiDoi  form  •  di^igrui  hlte  tluU  friTMi  l>y  Mr  MaUcI  (Kiff.  ISO).  tr>»bow  wb*r»  0)« 
«lM(»r  (T  ro<l«  and  t)>«  duf-tilitr  bvyin*  Were  this  d<4ie,  bi>tb  Uic  mm  and  Uic  •t<^l 
w'»-  \<\  hI.mw  iBii€-h  more  work  docw  U-f.-rt*  rupure.  TJ.c  rr»uU  would  prubaUr  ba 
•lif  htlj  faTOfttUa  to  tlia  iron,  aa  lar  aa  duccilitj  t«  oiaiciniad 
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Tablb  LXVL-— The  "Work  dovb"  or  Stb»ohivo  to  Buptubb,  biyxral  or  m 

BiST  SpBCUOENB  op  IBOV  AVD  QtOSL,  as  TI81BD  BT  KOKAIDT. 


Namet  of  Maken  or  Worlu. 


Ibok. 

Lowmoor 

Farnley 

OOTUI • 

Bradley.. 

CAnSmu. 
Turton*!,  Tool 


Oonditloii  aad  Treatment 


Bar... 
Plate. 

Do.. 

Do.  . 


Highly  heated  and 
cooled  in  oil 


BreaUsf.       Work  done  tn  Ibii  ttlt 
____l_«dlf 


foot  In  airrtcklaf 
to  mptnra  a  barl  foot 
B3Ct*n     atralii.    long  and  1  la.  iquara. 


Jowitt*!   do. 


do. 
do. 


do. 
do. 


Shortridge  Se  Howell's  Ho- 
mogencoua  Metal 


Knipp'i  Bolt  Steel  . 
Mom  Se  Gamble...., 


id         1 


Low  heat,  cooled  in 
tallow.. 

Cooled  in  aihes 

Cooled  slowly 

Highly  heatedy  cooled  \ 
•lowly.. / 


Soft •1673 


Plates,  sof^ . 


149 
1645 
1379 
1571 

.033 

.18 

.07 


60364 
61544 
55546 
58534 

115400 

11*750 
1*1711 


•10  1*5978 

•  *9      86166 


94«3« 


'964    79937 


73»5 
5»H 
3830 

409«  J 

3554 

10147 

4*60  ^ 
6*98 

9038 

7933 
7850 


Average 

5076 


7056 


470.  Mr.  Anderson  concludes,  from  experiments  upon  Kmpp's 
steel,  as  follows  :* 

"  This  material  is  so  soft  as  to  admit  of  being  flattened  down  to 
any  extent ;  indeed,  the  same  remark  applies  to  most  of  the  good 
qualities  of  steel  which  are  under  40000  lbs. ;  they  continually 
yield  more  and  more  by  the  increase  of  pressure,  and  the  structure 
of  the  steel  shows  a  wonderful  adaptation  for  keei^ing  together 
without  cracking  at  the  edges,  unlike  almost  any  of  the  other 
descriptions  of  material.  This  property  is  greatly  in  its  favor, 
both  for  guns  and  armoi^plates ;  and  if  it  could  be  made  to  resist 
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a  sodden  ahock  as  well  as  it  does  the  effect  of  mere  pressure,  it 
would  be  exceedingly  valuable.'' 

471,  It  will,  however,  be  said  that  steel  armor-plates  do  not 
practically  resist  shot  as  well  as  iron  armor-plates,  and  that  '^  work 
done,**  as  computed  in  this  table,  and  in  the  tables  of  Mr.  Mallet, 
is  not  a  correct  measure  of  the  effect  of  a  ntdden  blow  (346). 

To  which  it  ma}'  be  answered: — First  Steel  plates  are  cer- 
tainly cracked  and  fractured  for  some  distance  around  the  point 
of  impact,  by  shot  that  only  locally  bulge,  indent,  and  mutilate 
iron  plates.  But  this  does  not  prove  a  difference  in  the  work 
done.  The  tenacity  of  the  steel  is  sufficient  to  distribute  the  blow 
— ^to  ovenx>me  the  inertia  of  the  surrounding  parts — and  its  hard- 
ness prevents  much  expenditure  of  power  in  local  indentation. 
The  iron  yields  very  mucli  more  at  the  point  struck,  because  it  is 
not  hard  enough  to  resist  indentation,  nor  tenacious  enough  to 
overcome  the  inertia  of  the  surrounding  metal.  The  damage  to 
tlie  steel,  considered  as  an  armar-ptaUj  however,  is  much  the 
greater,  l)ecaa8e  it  is  rendered  more  liable  to  be  thrown  off.  The 
iron,  considered  as  an  armor-plate,  is  not  materially  injured,  if  it  is 
not  actually  punclied. 

Second.  Tiiere  is  no  evidence  that  tlie  armor-plates  tried  had  the 
same  relation  of  tenacity  and  ductility  as  the  steel  and  iron  s|)cci* 
mens  t(*sted  by  Mr.  Eirkaldy.  It  is  known,  on  the  contrary,  that 
the  BeN»emer  and  other  plates  tried,  were  not  sufficiently  worked. 
The  Mervey  puddled  bttx*!  plattv  failed ;  but  Table  68  shows  them 
to  have  much  kvA  ductility  than  iron. 

TlMrd.  The  presnure  in  a  cannon  is  not  exerted  upon  one  )>oint, 
but  over  the  whole  inner  surfac*o  of  a  cylinder. 

Fo^ifih.  The  blow  of  a  cannon-shot  is  obviuunly  very  different 
from  the  blow  of  a  ))erfiH»tly  elai^tic  gais  lighter  than  air. 

Fifth.  The  a<*ttial  extension  of  mnne  of  the  bteel  specimens  was 
greater  than  that  of  some  of  the  iron  ti]HM*in)eus,  not  to  s)ieak  of 
the  grvater  resistance  to  that  exten»ion.  80  that  the  rule  of  *^  work 
dcoe*^  is  or|ually  applii*abIo  to  steel  and  to  iron. 

47S,  Mr.  Malkt,  in  one  of  lii»  tAbh-,*  ;;ivf*  *<Tr.  value  for 

•  *'  On  Um  Ooostiuciioii  oC  AitUWnr  **    Tal>l«  oq  paf9  79. 
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unit  of  length  and  section"  for  "cast-steel  (German),  soft,'^  at 
103'500,  and  for  "  wrougbt-iron  bar  (maximom  ductility),"  at 
96000. 

Tbe  dnctility  of  Messrs.  Naylor,  Yickers  &  Go's,  steel,  and  of 
low  steel  as  compared  witb  bigb  steel,  is  sbown  by  Tables  OS 
and  69. 

The  extreme  dnctility  of  the  Bessemer  low  steel  was  shown  by 
various  specimens  in  the  Great  Exhibition  of  1862.  The  London 
Engineer*  says  of  one  them — a  rail — that  it  was  ''  twisted  cold 
into  a  spiral  like  a  ribbon,  and  does  not  show  a  single  flaw  after 
this  severe  treatment.  All  idea  of  the  *  brittleness  of  steel'  van- 
ishes with  the  inspection  of  this  example."  The  same  autlioritv 
says  of  other  specimens :  ^^  There  are  also  some  close  bends  of 
rails,  one  of  which  is  deserving  special  notice.  Mr.  Bamsbottom, 
the  able  engineer  of  the  railway  works  at  Crewe,  had  this  piece 
taken  up  while  covered  with  sharp  frost  and  placed  under  the 
large  steam-hammer,  when  it  stood  the  blows  necessary  to  double 
both  ends  together,  without  showing  the  smallest  indication  of 
fracture.  ♦  ♦  «  There  are  also  some  extraordinary  examples 
of  the  toughness  of  the  Bessemer  steel,  made  from  British  coke 
pig-iron,  among  which  may  be  enumerated  two  deep  vessels  of  1 
foot  in  diameter,  with  flattened  bottoms  and  vertical  sides.  At 
the  top  edge,  one  of  them  is  f  in.  and  the  other  \  in.  in  thickness. 
*  *  *  A  4-in.  square  bar  has  been  so  twisted,  while  hot,  that 
its  angles  have  approached  within  less  than  half  an  inch  of  each 
other,  so  that  what  was  originally  1  ft.  length  of  surface,  has  now 
become  26  feet,  while  the  central  portion  of  the  bar  still  preserves 
its  original  length  of  1  foot."t 

473*  Steel  Uoops. — Elasticity  is  an  indispensable  quality  in 
hoops,  especially  when  the  inner  barrel  is  of  cast  iron  or  a  slightly 
ductile  metal.     If  hoops  change  their  figure  permanently,  their 

*  May  2,  1862. 

f  The  aathor  ia  aware,  from  penonal  inspection  and  measurement  that  the  speci- 
mens are  correctly  described,  although  he  did  not  soe  them  put  into  tfaeee  ahapes. 
From  tests  that  he  has  seen  and  made,  however,  at  Mr.  Bessemer^s  works  in  Sheflleld, 
he  does  not  believe  that  the  excellence  of  the  steel  is  overstated  by  the  editor  of  the 
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nsefalncfiA  is  in  a  great  degree  destroyed.  With  the  hij^  charges 
necessary  to  punch  the  best  armor,  wrought  iron  is  Ukelj  to  fail 
in  this  particular  (445).  For  a  given  elongation  without  perma- 
nent change  of  figure,  high  steel  requires  more  **  work  done*' 
than  any  other  metal  (Fig.  160). 

Ditt  the  substitution  of  very  low  steel  for  wrought  iron  involves 
another  important  principle.  The  want  of  homogeneity — the 
numerous  strata  of  impurities  and  planes  of  weakness  introduced 
into  wrought  iron,  especially  in  large  mastics,  all  the  way  from  the 
puddle-ball  to  the  finished  gun,  have  already  been  explaincti  (413 
to  416).  Its  grand  defect,  by  the  present  proci^sses  of  manufa(*ture, 
is  imperfect  welds.  The  casting  of  low  steel  into  masses  of  any 
size  overcomes  this  whole  difllculty. 

474,  (%w»t;  WKtoer;  QrALmr. — By  the  present  processes, 
exc<*ptin<r  Bos^emer's  (486),  although  the  number  of  operations  is 
reduced,  by  casting  8teel  in  large  masses,  its  cost,  as  compared 
with  that  of  wrought  iron,  is  somewhat  increased.  (Table  27.) 
StilU  it  compares  favorably,  considering  its  greater  strength. 

Tlie  pret*ent  cauRes  of  the  c*ifltliiiet*s  of  steel  are  principally 
the^:  Melting  the  metal  Ia  ex[>ensive.  Such  a  high  temperature 
is  required,  that  the  )K>ts  for  very  low  steel  only  stand  <me  or  two 
m<*ltinp(.  Tlie  Pul>]«4M|uent  heating  of  immense  ingots  (one  of 
KmppV«  in  the  (treat  Exhibition,  was  44  inches  in  diameter  and  8 
feet  hmpi  requirm  time  and  skill ;  drawing  them  under  ordinary 
hammeni,  not  to  s{>eak  of  its  injurious  effects  (419,  421),  is  a  very 
lon^  oiieration.  Tlie  careful  preparation  and  selection  of  the  ma- 
terial unhU  r«>ii»*iderably  to  the  r<n»t. 

Again,  the  businc^i*  in  now  mono]M>Iixed  by  a  few  manufacturers. 
Standard  (|nalitles  of  k>w  i^tec*!  bring  a  price  much  more  dispro- 
|ii»rtionate  than  that  of  wrought  iron,  t«>  tlie  ami  of  production. 
S«»me  of  the  pnK»eM<»s  are  secret— others  are  covered  by  patents ; 
but  the  chief  difficulty  is,  that  very  few  entablishments,  out  of  the 
whole  numU*r,  have  undertaken  the  manufacture.  The  remedy 
is  fa^t  developing  itK>If,  e^^pecially  in  England.  Many  of  the  large 
British  e^tablikhments  have  intriMlnccMl  the  Bc^Mnner  process.  In 
this  country,  several  inm-master^  tcMlay,  pronounce  this  prooaMa 
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failure,  and  propose  to  stick  to  puddling  and  piling.  At  the  same 
time,  others  are  doing  all  they  can  to  develop  this  and  similar 
improvements  (490),  but  are  indifferently  encouraged. 

There  is  no  doubt,  however,  that  within  a  few  years  low  steel 
will  be  produced  at  a  cheap  rate  all  over  the  world.  The  great 
increase  in  the  use  of  Krupp's,  and  of  the  Bochum  Prussian  steel, 
and  of  Naylor,  Vickera  &  Go's,  equally  good  cast  steel,  and  of  the 
steel  of  Firth,  Howell,  and  other  English  makers,  and,  above  all, 
the  wonderful  success  and  spread  of  the  Bessemer  process,  in  Eng- 
land, France,  Prussia,  Belgium,  Sweden,  and  even  in  India — all 
within  three  or  four  years,  prove  that  great  talent  and  capital  are 
already  concentrated  on  this  subject,  and  promise  the  most  favor- 
able results.  The  processes  are  certainly  dissimilar;  but  that  only 
shows  the  determination  to  find  the  right  way,  and  indicates  the 
increasing  demand  for  the  right  product. 

It  has  already  been  remarked  that  the  advantage  of  steel  over 
iron  in  its  more  crude  forms  is,  that  the  number  and  quantity  of 
its  ingredients  are  better  known  at  each  stage  of  its  refinement. 

Then,  the  growing  improvements  in  treating  steel,  after  it  is 
produced,  promise  further  reduction  in  the  cost  of  manufactured 
articles.  In  an  establishment  about  to  be  erected  in  London,  and 
another  in  Staffordshire,  for  the  production  of  Bessemer  metal, 
50-ton  hammers  will  be  used.  Messrs.  John  Brown  &  Co.,  of 
Sheffield,  have  recently  erected  a  4^0-ton  hammer  and  two  10-ton 
Bessemer  converting- vessels,  for  the  manufacture  of  steel  cannon ; 
and  it  is  said  that  Mr.  Erupp*s  40»ton  hammer  is  to  be  rivalled 
in  his  own  works.  In  some  of  the  lai^er  establishments, 
hydraulic  presses  are  to  be  substituted  for  hammers;  and 
other  heavy  machinery,  for  working  laige  masses,  is  rapidly 
coming  into  use.  The  largest  cast-steel  ingot  ever  made,  up 
to  1851,  was  sent  by  Mr.  Erupp  to  the  Great  Exhibition  of 
that  year;  it  weighed  4500  lbs.  One  of  his  ingots,  in  the  Exhi- 
bition of  1862,  weighed  44800  lbs. — about  ten  times  as  mudu 

Meanwhile,  wrought  iron  must  be  puddled  and  piled.  The 
means  of  improving  and  cheapening  its  manufacture  do  not  seem 
to  be  capable  of  much  further  development 
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The  secret  of  the  whole  matter  is  this:  The  New  Treatment  of 
iron  is  based  on  chemical  laws.  The  old  treatment  was  a  matter 
of  tradition,  trial,  failure,  and  gnees-worL  The  Bessemer  process 
is  a  chemical  process — suggested  by  the  study  of  chemical  laws, 
conducted  on  chemical  principles,  and  prosecuted,  modified,  and 
improved,  according  to  the  results  of  chemical  analyses*  The  old 
process  was  suggested  by  accident,  is  liable  to  be  disorganized  by 
accidental  and  unexpected  causes,  and  has  been  brought  to  tlie 
present,  which  is  perhaps  the  ultimate  degree  of  perfect t  ion,  after 
generations  of  groping  in  the  dark«  Instead  of  first  fielding  the 
right  course,  and  then  pursuing  it,  every  course  has  been  taken, 
or  an  old  and  wrong  course  has  been  persisted  in.  There  is  noth- 
ing but  blundering  into  truth  in  its  whole  history,  if  we  except 
the  {Mut  of  Henry  Cort.  Now  that  this  method  of  proceeding  is 
likely  to  l^e  superseded,  we  may  look  for  rapid  improvement. 

47S.  But  it  is  said  that  the  new  products  are  not  always  uni- 
form and  trustworthy.    Mr.  Anderson  remarks  :* 

^H?ast  steel  is  the  most  expensive  of  all  cannon-mctaK  yet^ 
from  its  soundness  in  the  bore,  if  it  could  be  made  as  trustworthy 
as  wrought  iron,  and  if,  at  the  same  time,  it  could  be  depended 
uix>n  fur  the  certain  possession  of  toughness,  it  would  be  perfec- 
tion, notwithstanding  the  cost ;  but  the  uncertainty  of  manufac^ 
turc  which  now  exists  must  first  be  completely  reni«>ved  before  it 
can  lie  compare<l  with  wrought  iron  as  an  instrument  for  men  to 
fire  and  stand  alongside  with  perfect  assurance  of  safety ;  and,  as 
wrought  iron  is  so  reliable  and  tlie  cost  moderate,  tliere  is  no  par* 
ticular  want  felt  for  steel  to  (constitute  the  entire  body  of  the  gun.** 

It  1.4,  however,  due  to  Mr.  Anders^m  and  to  the  subject  to  say, 
tliat  in  his  more  recent  practice  at  Woolwich,  steel  hardened  in 
oil  has  quite  superse<U*<l  wrought  iron,  cs«])ec:ially  coils,  as  a 
material  for  tlie  inner  barrels  of  guns.  Indce<l,  Mr.  Anderson 
admits  in  the  same  lc<*ture,  s{)eaking  of  tlie  8-inrh  Krupp  gun 
tested  at  Woolwich  (138),  that  **  such  a  maits  of  honiogenei>iis  steel, 
after  having  been  cast  into  an  ingot,  all  its  impurititu  floated  to 

•  JoonMl  oT  th0  TaiMd  Rrrric*  IitftitutioQ,  Auffiut,  ISSl 
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the  surface,  then  well  worked  under  the  hammer,  and  afterwards 
properly  annealed,  has  a  d^ree  of  perfection  in  the  bore,  in  regard 
to  entire  freedom  from  specks,  seams,  or  flaws,  superior  to  any 
wrought-iron  structure,  coiled  or  forged ;  and  some  remarkably 
fine  guns  have  been  constructed  with  such  steel  linings,  having 
the  main  structure  of  the  gun  built  up  with  wrought-iron  hoops, 
to  give  the  requisite  strength  to  the  steel  lining.  Such  a  combi- 
nation gives  the  perfect  bore  and  the  strong  gun,  but  there  is  not 
yet  sufficient  experience  to  enable  me  to  assert  positively,  that  the 
steel  will  not  give  way  under  longnsontinued  firing." 

The  failure  of  steel,  as  ueed  in  guns,  has  already  been  accounted 
for,  and  the  remedy  specified  (467  and  468).  Other  authorities*  do 
not  entertain  so  high  an  opinion  of  the  trustworthiness  of  wrought 
iron  as  not  to  particularly  want  something  better.  Of  course, 
new  things  will  be  avoided  as  long  as  possible,  by  old  practition- 
ers, as  a  rule.  The  steam-engine,  the  war-steamer,  the  rifled  can- 
non, the  iron-clad — all  had  to  fight  their  way  into  notice  and 
adoption.  But,  even  when  men  are  willing  to  adopt  an  improve- 
ment, they  are  apt  to  be  over-cautious  and  too  easily  frightened. 


*  In  the  diflcumion  before  referred  to^  in  the  Institatiott  of  Clril  Kngineera,  oq 
"The  National  Defences,"  1861,  alter  Sir  WiUiam  Arrostrong  and  others  had  talked 
pretty  freely  again»t  steel  (which  if  now  adopted  in  all  the  new  Annstrong  guna  for 
iDuer  tubes,  because  wrought  iron  fails),  Mr.  Bidder,  president,  said: 

''Sir  William  had  expressed  an  entire  want  of  oonfldence  in  hotnogeneom  Iron. 
The  president  oould  not  concur  in  that  view ;  he  did  not  think  that  at  preeent»  th»f 
would  be  Justified  in  saying  that  homogeneous  iron  had  ever  yet  had  a  fair  trial  and 
had  been  found  wanting.  lie  had  reoeired  a  letter  fVom  Mr.  Kmpp,  of  Rseen,  acoooi- 
panied  by  a  communication  fh>m  Colonel  Petiet,  of  the  Artillery  Oommiaaioo  of  Fraaoe, 
stating,  as  the  rosulls  of  his  experience  with  12-pouuder  guns,  oonstruoted  of  boaio> 
goneous  Iron,  that  they  liad  been  completely  successAiL  Mr.  Knipp  stated  that,  in 
Prussia,  they  had  made  gims  of  S-inches  bore,  which  had  suooessAiUy  reaisted  aU  tba 
proofs  to  which  they  had  been  submitted.  There  oould  be  no  doubt  thai,  in  this 
country,  there  had  been  some  disappointment  attending  the  manufacture  of  guns  of 
Urge  calibre,  of  homogeneous  iron.  This,  howerer,  might  be  fairly  attriboted  to  the 
mode  of  manufacture.  The  machinery  for  working  the  iron  in  the  large  maaaes  nt'cea- 
■ary  for  gtin^i,  was  not  suitable  for  the  purpose ;  and,  until  hammers  of  thirty  or  forty 
tons  were  applied,  it  would  not  be  fair  to  pronounce  the  condemnation  of  homc>Kt^ 
neous  iron  ^  a  material  for  artiUery ;  indeed,  they  were  not  Jottiflod  in  reelecting  homo* 
geneous  irou  for  guns,  imtil  the  same  experience  had  been  gained,  and  the  same 
attention  had  been  bestowed  upon  that  metal,  as  Itad  been  given,  imder  Sir  WiUiam 
Armatrong's  auperintendence,  to  his  own  peculiar  mode  of  ooQatiuotion.** 
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If  they  would  deTote  the  same  energy  in  trjring  to  perfect  and 
develop  steel,  for  instance,  that  they  now  expended  in  trying  to 
get  more  out  of  wrought  iron  than  there  is  in  it,  there  would  be 
leos  cause  of  complaint.  Besides,  a  perfect  result  cannot  be  at 
once  expected  from  a  new  manufacture,  however  well  founded  its 
principles  may  be. 

47€.  Strength.  (See  Tables  67, 68,  and  69).  Hie  strength  of 
the  low  bteel,  adapted  to  gun-making,  averages  about  90<Kh)  lbs., 
or  three  times  that  of  cast  gnn-iron,  and  M  per  cent,  more  than 
that  of  the  best  wrought  iron.  Kirkaldy^s  summary  of  results  for 
the  lower  steels  will  be  found  in  Table  67. 

The  strength  of  Krupp^s  steel,  according  to  the  re}x>rt  of  the 
Prubsian  Minister  of  War,  as  quoted  by  Mallet,  is  107516  to 
117212  lbs.  In  Mr.  Krupp's  gun-circular  (134  note),  it  is  taken 
at  12<Niu()  lbs. 

The  btrength  of  the  lowest  and  softest  Bessemer  steel  is  72000 
lbs.  )icr  M|uare  inch.  Tliat  of  the  highest  Bessemer  tool-steel 
(remelted  in  crucibles  and  drawn  under  the  hammer)  is  17<HNH) 
ibs.  That  of  the  average  meul  is  about  90<MH)  lbs.  Plates  tested 
at  WiMilwich  are  said  to  have  endured  68314  to  73166  Mm. 

Mc>M»rB.  Comings  &  Winslow's  (American)  puddled  hteel,of  the 
higlle^t  quality,  averages  about  9tM)00  lbs.  tensile  strength. 

High  Meel,  hardened  in  oil,  was  found  by  Mr.  Kirkaldy  to  have 
a  tenacity  of  21540O  lbs. 

477«  TxiroEicmr. — Want  of  uniformity  is,  in  one  iiense,  fairly 
nrge^l  a^piinst  steel,  when  certain  qualities,  supposed  U}  be  uni- 
form, are  Icm  so  than  certain  qualities  of  wrought  iron.  But,  to 
c«>nd<tnn  sti-el,  as  s<»me  authorities  seriously  do,  biH*ause  it  rangers 
all  the  way  from  50000  to  20<NMH)  lbs.  tensile  strength,  is  as 
al»unl  as  it  would  l»e  to  condemn  timlwr,  bettause  it  ranges  all 
the  way  from  6<HM)  Hm,  (cypn»M»)  to  23tHH)  (lancewood),  touhilc 
»tn*ngtli.  Tlie  causes  of  improvement  already  <*<insidenMi — pn>- 
c<^iing  in  ar(*4>rdancc  with  chemical  laws,  instead  of  grupiiig 
anM>ng  traditions  and  expedients,  linble  at  any  tinu*  to  ain-i- 
dental  confusion — are  certain  to  lead  also  to  untformity  in  tlio 
product 
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Tablb  LXVn.— Tnsiu  SrsnrerB  or  Low  Baau    Kibxaldt. 


I  of  th»  IQkM*,  or  Worki. 


Bwwklnc  wolf  ht  p«r  ■qoan  t 

OforifUlAlMOO. 


LowMt      Hlfboit 


Knipp*t  Steel  for  Bold 

Sfaortridge  *  Co.*t  Homofeneous  Metal 
Ditto  ditto 

Meney  Co.*t  Puddled  StceL. 

Blochaim  ditto 

Ditto 

Ditto 

Shoftridge  *  Co.*i  Cut  SteeL.. 
Naylor,  Vickert  ft  Co.*i  ditto.. 

Mone  h  Gamble**!  ditto 

Meney  Co.*i  Puddled*. 

Ditto    ditto  Hard « 

Ditto    ditto  Mild. 


Rolled. 
Rolled. 
Fofgud. 
Fofged. 
Rolled. 
Foried. 
Forged. 
Platoa  Lngthwlao. 
Uthlok. 

A 

i 

AandA 

ft«^A 

i 
i 


86054 
81118 

»4794 
67065 
55006 

4593« 


85650 

7677* 

^7977 
9^676 

9594« 
67184 


96108 
99570 
9475» 
753<H 
571 14 
71501 
7034* 


10S906 

106110 

86908 


91015 
90^7 
897*4 
7I4«6 
70168 

65*5$ 
61769 


108900  96180 
87971  I  81719 
»«5W  ,  75594 


101450 
101593 

7704* 


Bat,  according  to  Mr.  Kirkaldy^B  late  experiments,*  Bteel  com- 
pares  very  favorably  with  iron,  as  to  uniformity  of  strength,  and 
of  ultimate  elongation.  The  table  (68)  is  compiled  from  the  tables 
of  Mr.  Eirkaldj. 

478.  SuAPK. — ^What  has  been  said,  under  this  head,  of  wrought 
iron  (409),  applies  also  to  steel. 

479*  Temper. — ^The  specific  gravity  of  steel  has  been  found 
to  affect  the  qualities  we  have  considered — tenacity,  elasticity^ 


^  **  Experimeoto  on  Wron^t  Iron  md  StMl,**  1S62. 
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Tabu  LXVIIL— Thb  Uxhohutt  axd  Kitkhmmutt  or  Wbooort  Ibov  amd 
fimt  OoMPABia 


«rtWliAk«n,orWoAi. 


UMCrlpUoB. 


BrvMkiiw  weight  dot  I        PpTovBtefv  of 
■qutfv  ioch  of  oriftuU     ^^"Cirtlnflr 
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and  ductility — very  materially.    It  may  be  stated,  generally,  aa 
follows : 

1.  High  steel  has  a  low  specific  gravity. 

2.  Low  steel  has  a  high  specific  gravity. 

3.  Decreasing  specific  gravity  increases  tenacity. 

4.  Decreasing  specific  gravity  increases  the  capability  of  elon- 
gation  within  the  elastic  limit. 

5.  Decreasing  specific  gravity  diminishes  the  capability  of  elon- 
gation between  the  limit  of  elasticity  and  the  point  of  rupture. 

The  1st,  2d,  3d,  and  5th  propositions,  are  proved  by  the  experi- 
ments of  Mr.  T.  E.  Vickers  (of  Naylor,  Vickers  &  Co.,  Sheffield). 
The  soft,  mild  steel  (Table  69),  which  stood  17  blows  of  the  drop, 
and  bent  5S||  inches,  endured  but  SOf  tons  tensile  pull,  and  had 
a  specific  gravity  of  7*871.  The  high,  hard  steel,  which  stood 
but  10  blows,  and  bent  only  6f|  inches,  endured  69  tons  tensile 
pull,  and  had  a  specific  gravity  of  7*823. 

Table  70,  compiled  from  Mr.  Eirkaldy^s  experiments,  shows 
the  remarkable  gain  in  ultimate  tenacity  by  decreasing  the  spe- 
cific gravity  of  steel  in  another  way — hardening  in  oiL*  At  the 
same  time,  the  ^'  work  done*'  in  overcoming  this  tenacity,  is  less 
than  for  the  same  steel  cooled  slowly,  because  its  elongation  before 
rupture  is  so  much  less. 

*  The  prooees  of  hardening  steel  in  oil,  as  praotiaed  at  Woolwich,  has  been  de- 
scribed (35). 

The  following  Is  the  proTisiooal  specification  of  Mr.  George  W.  Rendel  (one  of  the 
Elswick  Ordnance  Co.X  dated  November  13th,  1863,  which  sufllcientljr  describes  the 
very  simple  process : 

*'  I,  Qborgb  Wiqhtwick  RsynKL,  NewcasUe-on-Tyne,  in  the  Couatj  of  Xorw 
thumberland.  Civil  Engineer,  do  hereby  decliire  the  nature  of  the  said  invention  for 
*  An  Improved  Method  of  Strengthening  and  Hardening  Oannoo  made  whoUj  or  par^ 
tially  of  Carbonized  Iron  or  Steel,  or  the  Barrels,  or  other  parts  thereof*  to  be  as 
follows: 

**  I  bring  the  cannon  or  parts  of  cannon  to  a  suitable  heat  in  an  oven,  or  any  cx>o* 
venient  furnace,  and  I  then  plunge  them  Into  a  bath  of  oil  or  other  liquid ;  or  instead 
of  plunging  the  cannon  or  parts  of  cannon,  I  pour  the  liquid  over  them  and  to  Keep 
down  the  temperature  of  the  liquid,  which  is  raised  in  the  act  of  codling  the  cnnnon 
or  parts  thereof,  I  employ  pipes  winding  through  the  liquid.  In  which  pipes  a  current 
of  cold  water  circulator  or  the  liquid  may  bo  cooled  by  any  other  suitable  arrange- 
ment;  but  any  arrangement  for  cooling  is  not  es-^ential  to  the  process  of  strengthen* 
ing,  being  only  a  matter  of  convenience,  as  having  the  eflbct  of  redndng  the  volnma 
of  liquid  necessary  for  ooohng  large  masses  of  metaL** 
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Tabui  LXIX— Sooimo  that  DnuASnre  tbb  BPKinc  Oratxtt  or  Stkxl  »• 

CBBAOBB  ITB  ULTOfATB  TnACITT,   AKD  DOaXtSHBS  ITB  DrCTILITT. 

{(hmpikdfaom  ^  Experitmem^  o/  Z  £.  Fidberc,  Etq.) 
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remaining  blowiL  The  material  sat^iected  to  tensile  test  was  a  bar  U  in.  long  and 
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Neither  of  these  cx|)crtmenter8  has  determined  the  amount  of 
elongation  within  the  elHKtic  limit,  nor  the  **  work  done*'  t4>  reach 
it ;  but  we  know  from  ex{)erimcntA,  and  practice  generally,  tliat 
the  higher  the  8teel,  the  greater  the  safe  elongation,  and  the 
gnrnter  the  juiwor  rwiniriHl  to  pnNluce  that  elongation. 

Hardening  atecl  iu  water  or  in  oil,  or  hy  cold  hammering,  de- 
rn'aM*«  its  s|)e(*ific  gravity,  hy  combining  the  free  carl>on  chemi- 
cally, and  so  fixes  the  crvKtaU  4>f  steel  in  their  cxpande^l  htate. 
Aniieaiing  steel  increaM^  its  sjKvific  gravity ;  a  part  of  the  carUm 
is  M*t  frfN\  and  the  cryKtain  are  allowcNl  to  assume  their  clo«et>t 
and  natural  form. 
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TuxLB  LXX.— ^BOWDfa  thb  EFnecra  or  TBE^Ufnrr  oh  BftMEL, 
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The  proper  temper  of  steel  for  gona  may  be  generallj  deter- 
miued  on  these  principles,  although  more  eareftil  and  comprehen- 
sive experiments  and  analyses  are  of  the  highest  importance, 
and  should  be  undertaken  by  governments,  if  not  by  steel  and 
gun  makers,  for  the  purpose  of  avoiding  uncertainty  and  occa- 
sional or  partial  failure. 

480.  Resistanob  to  Compression  and  Wbab. — The  snperi* 
ority  of  steel  in  this  regard — hardness — ^ia  too  evident  to  require 
comment  Mr.  Anderson,  and  authorities  generally,  pronounce 
even  the  low  steels  to  be  quite  satisfactory.  Considering  the  fric- 
tion of  rifled  projectiles,  and  the  enormous  pressure  that  modem 
guns  are  required  to  stand,  this  is  by  no  means  an  unimportant 
quality.  The  permanent  indentation  of  the  chambers  of  the 
Armstrong  and  other  wrought-iron  guns,  by  the  pressure  of  the 
powder-gas,  is  admitted  by  Sir  William  Armstrong  and  Mr.  An- 
derson (402.     Tables  71  and  72). 

481.  In  another  particular  steel  has  a  great  advantage  over 
wrought  iron.  A  piece  of  cast  steel,  that  has  been  immersed  for 
a  time  in  acid,  will  be  found  to  present  a  smooth  surface.     A  thin 
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film  4>f  ocjual  thioknet^  will  have  l)evii  diaHolved  Bat  a  piere  of 
poddlcd  inm,  Bitnilarly  treated,  will  be  eaten  awaj  in  irregnlar 
furrow*.  Iron,  Insing  more  nearly  pure,  is  the  more  corroded 
by  the  gaaea  of  giin]K>wder,  and  \a  therefore  roughened,  and  thun 
more  rapidly  worn  by  the  proje(*tiIe,  beftide«  increasing  ita  friction 
and  the  strain  on  tlie  gun. 

4H9.  Strains  on  a  IIoMcN.KNRors  Tcbk. — A  solid  steel  gun,  or 
any  solid  tube,  as  left  by  the  forging  or  annealing  proecM,  is  ol>- 
viou»ly  deprived  of  one  element  of  strength  po«siv«ed  by  built-up 
guns — the  increased  tenAion  or  the  deoreaMnl  elasticity  of  its  ex- 
ternal layers  (287,  320).  But  this  defect  becomes  less  serious  as  the 
tmatity  of  the  material  incraanos  (Fig.  161),  and  Mr.  Kmpp  con- 
sidera  that  witli  hit  material,  built-up  guns  lo^e  more  by  vibratioii 
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than  they  gain  in  refiistance  to  internal  preBsnre.  On  the  other 
hand,  Blakely,  Whitworth,  Anderson,  &c.,  make  equally  strong 
guns  by  reinforcing  steel  tabes  with  steel  in  a  cheaper  form,  or 
with  a  cheaper  material  than  steel. 

There  are  also  various  schemes  tor  patting  the  layers,  of  which 
a  solid  gun  may  be  supposed  to  consist,  into  the  required  state  of 
initial  strain  or  elasticity.  That  of  Mr.  Thomas  £.  Vickcrs* 
(Messrs.  Naylor,  Tickers  &  Co.,  Sheffield)  is  about  to  be  tried^ 
and  promises  the  best  results.  Initial  tension  obtained  on  Cap- 
tain Hodman's  plan,  by  casting  the  gun  hollow  and  cooling  it 
from  within,  would  obviously  be  destroyed  by  the  annealing 
process,  which  should  always  follow  the  casting  or  forging  of  a 
steel  gun.    (See  Table  70.) 

483.  ]IIettaodft  of  prodoclnn  Steel. — Puddled  Steel. — As 
this  product  is  made  in  the  puddling-fumace,  by  a  modification  of 
the  puddling  process ;  and  as  large  solid  masses  are  aggregated  only 
by  piling  and  welding,  the  grand  defect  of  wrought  iron — want  of 

*  Extracts  from  T«  K  Vi<dcer*8  Patent  of  Dec.  11,  1862*  "  Imprcnrements  in  the 
Oonstniction  of  Ordnance.  *  *  *  The  object  of  my  inventton  ia  to  cool  the  block 
of  metal  in  such  a  manner  as  to  cause  that  portion  of  its  leotion  which  ia  nearest  to 
the  inside  of  the  bore  to  contract  first,  the  other  portions  of  the  section  being  allowed 
to  cool  upon  it  in  the  order  of  their  rospcctiTe  distances  from  the  azia  of  the  pieoa. 

'*  In  carrying  out  mj  mvention,  I  first  roll,  hanuner,  or  otherwise  form  a  polkl 
block  of  steel  or  iron,  or  other  suitable  metal  or  aUoy,  of  the  required  form,  in  anj 
conyenient  manner,  and  I  then  bore  out  the  solid  block  of  steel,  iron,  or  other  suitable 
metal  or  alloj,  to  about  the  required  size  for  the  calibre  of  the  piece.  When  bored 
out,  the  block  of  steel,  iron,  or  other  metal  or  alloj,  is  to  be  subjlected  to  heat  in  a  re* 
heating  or  annealing  furnace,  and  when  brought  to  a  heat  sufficient  to  escpaad  the 
crystals  in  the  mass,  and  while  the  block  of  metal  is  still  in  the  furnace,  I  introduce 
into  the  hollow  portion  of  the  gun  a  stream  or  jet  of  water,  which  is  oonttnoed  until 
the  gun  sliall  have  cooled  down  entirely.  I  do  not,  howeTer,  confine  myself  to  the 
use  of  water  alono,  but  employ  other  fluids  or  air,  or  any  material  which  is  capable 
of  being  pafwed  through  tlie  bore  of  the  gun,  and  which  possesses  a  sufficiently  low 
temperature  to  cool  the  metal 

**  I  also  subject  to  the  aboro  process  of  reheating  and  cooling  from  the  centra, 
guns  that  have  been  cast  of  steel  in  a  mould  made  of  fire-proof  material,  and  with  a 
hoUow  core.    ♦    a    ♦ 

*'  The  essential  feature  of  novelty  in  the  present  inyentioii,  in  oontradistinctioo  to 
that  of  cooling  molten  metal  from  the  inside  of  the  block,  as  now  practised,  consisu 
in  boring,  reheating  horn  tlie  inside,  metal  gun-blocks,  made  either  by  casting,  rolUng, 
or  forging  the  ssme,  or  of  reheating  and  cooling  from  the  iniide,  gim*blocka  that  hav* 
been  made  with  a  hollow  oore.** 
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homogeneity — is  not  avoided.  It  is,  however,  a  much  stronger 
material  than  wrought  iron.  The  tensile  strength  of  the  best 
averages  about  90000  lbs.  per  square  inch,  the  best  iron  averag- 
ing about  60C»00  lbs.  In  small  masses,  it  is  now  produced  by 
Messrs.  Comings  &  Winslow,  Troy,  N.  T.,  and  at  the  Mersey 
Iron  Works,  Liverpool,  of  a  very  uniform  quality,  especially  in 
its  lower  or  mild  form.  But  it  has  considerably  less  ductility  tlian 
the  low  cast  steels.     (Table  68.) 

Tiie  process  of  making  puddled  steel  may  l)e  describe<l,  in  a 
general  way,  as  follows:  Cast  iron  contains  from  3  to  5  per  cent, 
of  carbon ;  ordinary  steel  contains  from  }  to  1  per  cent  of  car* 
bon ;  while  wrought  iron  contains  but  a  trace.  In  ^hanging  from 
cast  to  wrought  iron,  in  a  puddling-ftimace,  the  pig-metal  passes 
through  the  state  of  steel — that  is  to  say,  it  is  steel  before  it  is 
wrought  iron.  Now,  making  puddled  steel  is  simply  stopping 
the  common  puddling  process  just  at  the  moment  when  the 
decarlx>nizing  mass  under  treatment  is  in  the  state  of  steel. 
Several  modifications  in  fuma4!es  and  processes  have  lieen  pat- 
ented. Usually,  a  higher  heat  than  that  necessaiy  for  iron  ma- 
king i^  employed,  in  what  is  termed  a  boiling-furnace.  Various 
flnxcH,  esiiecially  manganese,  are  differently  used  by  different 
manufartnrers. 

484,  Low  CarcTBLR  Stbkl  or  IIomooknbous  Mktal.* — In  its 
general  features,  the  process  of  making  low  cast  steel  is  the  banie 
as  tliat  employed  for  making  ordinary  ca^t  steel.  The  chief  object 
ito  to  4>btain,  an  the  name  indicates,  a  hoiftogtneous  iron,  which  can 
only  )>e  done  by  casting  it.  Since  wrought  iron,  which  has  but  a 
trace  of  carbon,  rannot  be  melted  at  a  pnu^ticable  heat,  just  enough 
carbon  is  introduced  to  render  it  fluid  nnder  the  highest  tempera- 
ture that  the  cnicibhw  will  stand  for  one  melting.  The  wrought 
iron  is  broken  into  small  pieires  and  put  in  the  pots  along  with 
5  oz.  or  6  ox.  of  charcoal  to  every  4i>  Iba.  of  metal.t    Tlie  great 


*  T^M*  Wttrr  tiMa^  WM  flrit  tatrodiKvd  beoMu*  eooraiMn  did  aoI  btU*v«  ia  aay 
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secret  of  the  manafacture  is  in  the  selection  and  mixture  of  irons, 
and  in  the  pouring  of  sound  ingots. 

Large  castings  are  made  by  emptying  a  sufficient  number  of  50- 
lb.  crucibles  into  an  immense  ladle  placed  over  the  mould ;  the  ladle 
is  then  tapped  from  the  bottom.  The  largest  (7  tons)  and  best 
castings  made  in  England  by  this  process,  are  produced  by  Keasrs. 
Nay  lor,  Vickers  &  Co.  In  their  new  works,  now  erecting,  they 
will  be  able  to  cast  ingots  of  15  tons  weight  These  ingots  will 
be  worked  by  hydraulic  presses  as  well  as  by  hammers. 

The  treatment  of  the  solid  and  hollow  ingots  has  ahready  been 
described  (62, 68,  69). 

48ff«  Erypp's  Steel. — This  celebrated  material  is  also  pro- 
duced by  a  modification  of  the  ordinary  process  of  making  cast 
steel.  It  is  understood  that  a  superior  quality  of  puddled  steel  is 
broken  up,  and  pieces  of  similar  fracture  are  selected  for  melting. 
Four  hundred  clay  crucibles,  holding  100  Prussian  pounds  each, 
are  required  to  make  a  20-ton  casting.*  Mr.  Krupp  has  recently 
introduced  the  Bessemer  process — ^but  to  what  extent  the  Bessemer 
metal  is  used  for  guns,  is  not  known  to  the  public.  It  has  been 
suggested  that  it  is  broken  up  instead  of  puddled  steel  for  remelt 
ing.  Considering  the  character  of  the  Bessemer  metal  as  it  is  first 
produced,  especially  under  the  skilful  treatment  of  Mr.  Eropp, 
this  process  would  hardly  be  necessary. 

It  is  known  that  the  manganesian  iron  (Spiegeleisen)  of  the 
country,  resembling  the  Franklinite  of  New  Jersey,  is  of  especial 
value.  Great  skill  in  melting  and  pouring  the  metal,  and  particu- 
larly in  heating  such  masses  to  the  centre  without  burning  them 
on  the  outside,  and  heavy  hammers  to  condense  them  to  the  core, 
are  features  of  obvious  importance.  Indeed,  to  this  skill,  and  the 
proper  use  of  manganese,  may  be  traced,  to  a  great  extent,  the 
success  of  the  manufacture. 

So  long  as  crucibles  are  employed,  the  metal  can  never  be  veiy 
cheaply  produced.  The  adoption  of  Mr.  Bessemer's  invention,  how* 
ever,  would  indicate  that  the  process  will  be  gradually  changed. 

*  PnotietlMeohaniot*  Journal,  RMord  of  the  Qraat  Ezhllyltloa 
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Among  the  Bpedmena  of  Ej-app's  stoel  in  the  Exhibition  of 
1862,  were  the  following: 

A  9-in.  gan,  weighing,  finished,  18000  lbs.,  forged  from  a  single 
ingot  weighing  -50000  lbs. ;  a  cranknBhaft  16  ft.  long  and  24  in. 
in  diameter,  weighing  15^  tons  (34730  lbs.),  forged  from  a  25-ton 
ingot ;  a  doable-crank  propeller-shaft,  24  ft.  long  and  15  in.  in 
diameter,  weighing  11  tons  (24640  lbs.) ;  and  a  screw  propeller 
9  ft.  in  diameter,  weighing  only  800  lbs.  A  forging  of  15  tons 
weight,  30  in.  wide  and  17  in.  thick,  was  broken  at  four  places  to 
show  its  quality.  A  square  ingot  8  ft.  long  and  weighing  about 
8  tons,  was  forged  down  at  one  end,  and  broken  longitudinally  to 
show  the  fracture  of  the  cast  and  the  hammered  metal.  An  ingot 
8  ft.  long  and  44  in.  in  diameter,  weighing  20  tons  (44800  lbs.) 
was  cut  around  in  the  middle  and  broken  under  the  40-ton  ham- 
mer, presenting  just  as  it  was  cast,  without  hammering,  an  area  of 
above  1500  square  inches  of  uniform,  fine-grained,  Iiomogeneous 
fracture,  without  seams  or  cracks.  It  is  proper  to  mention  here,  that 
above  40000  railway  tires  of  this  material  were  at  that  time  in 
service  all  over  the  world.  Some  of  them  have  run  above  90000 
miles  without  requiring  to  be  turned  One  of  the  engine  tires 
exhibited  had  run  67000  miles  on  the  Eastern  Counties  Railway, 
without  being  turned.  It  had  worn  down  about  J  in.,  equally 
over  its  whole  circumference.  The  extent  to  which  Mr.  Krupp's 
cannon  have  been  employed,  and  the  severe  tests  of  some  of  them, 
have  already  been  mentioned  (135). 

A  similar  kind  of  steel  is  made  at  the  Bochum  works,  in  Prussia. 

484I.  Bessemer  Steel.* — ^The  great  value  of  the  Bessemer 
process  is,  that  it  produces  steel  direct  from  the  ore  or  from  the 
pig'iron,  in  masses  of  any  size,  at  about  the  cost  of  wrought  iron. 

The  "  converting-vessel"  (Fig.  185),  when  large  enough  to  con- 
vert 5  tons  at  a  heat,  is  about  11  feet  high  and  7  feet  in  diameter. 
It  is  made  of  plate-iron,  and  lined  with  a  silicious  stone  called 
*'ganister."     In  the  bottom  of  the  vessel  are  about  50  small 


^  The  foUowing  aooount  of  the  Bessemer  proceM  is  taken  fhym  the  Practical  Mechanics' 
Journal,  Record  of  the  Great  Exhibition  of  1862. 
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tuyeres,  commanicating,  through  the  tmnnionB,  with  a  blower. 
Most  of  the  establishments  where  this  process  is  emplojod,  arc 

not  connected  with 
smelting  furnaces ; 
so  that  pig-iron  is 
melted  for  conver- 
sion in  a  reverbera- 
torj  furnace,  instead 
of  a  cupola,  to  avoid 
contact  with  anj 
sulphur  there  may 
be  in  the  coal.  The 
Front  of  Bossemor  converting-vessel  i^on  originally  must 

be  as  free  as  possible  from  sulphur  and  especially  from  phos- 
phorus. 

After  the  converting-vessel  is  heated,  the  melted  iron  is  let  into 
it,  and  the  blast  turned  on  at  a  pressure  of  about  14  lbs.  {^er  square 
inch.  The  oxygen  thus  forced  in,  first  unites  with  the  silicium  in 
the  iron,  forming  silicic  acid.  As  this  bums  away,  and  the  heat 
is  increased,  the  oxygen  begins  to  unite  with  the  carbon  in  the 
iron,  which  soon  increases  the  heat  and  rate  of  combustion  until 
the  mass  rises  in  a  frothy  state,  presenting  a  great  surface  to  the 
contact  of  the  air;  then  the  combustion  becomes  excessively 
intense,  producing  a  series  of  harmless  explosions,  and  throws  «int 
liquid  slag  and  a  column  of  white  fiame.  In  Sweden,  and  at  S4)me 
of  the  British  establishments,  the  process  is  stopped  heri> — the 
required  decarbonization  being  determined  by  the  time  of  its  dura- 
tion. In  Sheffield,  it  is  usually  continued  until  from  the  sudden 
dropping  of  the  flame,  the  iron  is  known  to  be  quite  decarlionized  ; 
after  which  a  small  amount  of  pig-iron  of  known  quality,  already 
melted  in  another  compartment  of  the  reverberatory  furnace,  is 
put  into  the  con  verting- vessel  In  a  few  seconds  more  the  blast 
is  shut  off;  the  whole  process  lasting  from  15  to  30  minutes. 

The  vessel  is  then  turned  on  it^  trunnions  so  tliat  the  metal  will 
run  out  into  the  ladle  G  (Fig.  1S6),  on  the  lever  II,  which  is 
elevated,  lowered,  and  turned  round  uixm  the  hydraulic  cylinder  P. 
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By  removing  a  fire-clay  plug  in  the  bottom  of  the  ladle,  the 
re«|)ective  cast-iron  mouldtj  (K)  ranged  around  it  are  filled.  To 
pour  a  heavy  ingot,  Beveral  con- 
rerting-veMeU  are  thus  emptied 
into  one  mould. 

The  whole  of  the  siliciam  is  not 
burned  out.  Some  5  to  6  ounces 
of  it,  per  ton,  are  required  in 
all  Bteel,  to  insure  solid  casting. 
While  the  carbon  and  silicium  are 
uniting  with  the  oxygen,  some  of 
the  iron  also  unites  with  it,  but  is 
not  absolutely  lost,  although  the 
product  is  of  little  value.  In 
working  English  iron  in  small 
quantities,  from  14  to  18  \>er  cent, 
of  tlie  iron  is  tlius  lost;  with  the 
purer  Swedi<ih  iron^,  tapped  from 
the  hlai^t-fiimaco,  the  Iuhs  is  said 
ti>  lie  but  tHf  per  cent. 

After  the  ingots  are  heated 
some    15   minutes,  to  soften    Uie     ""  <^  Be«a«er  cooTertiog  .ppsr«iu^ 

outiiide,  which  has  l>een  chilled  by  the  mould,  the  inside  still 
bt*ing  pasty,  tliey  are  hammered  into  cannon  or  other  sha)H5i>. 
This  steel  doe«  not  fl}*  to  piece**  like  some  other  cast  steel, 
under  this  treatment.  Tlie  interior  of  the  ingot  is  certain  to 
bi*  thoroughly  heated — an  im|N>rtant  feature — and  nmch  fuel 
iii  saved. 

487.  Among  the  specimens  of  It4i«<«mer  metal  in  the  Exhi- 
bition of  1H02,  were  a  14-in.  octagonal  inp>t  broken  at  one  end 
and  tame<l  at  the  other  end,  to  sh«»w  that  the  metal  was  perfectly 
•fiiid.  The  turner!  end  liM>ke<l  like  forged  steel.  An  IS-inch 
ingtit,  weishinjj  813^  lbs.,  was  the  r>41(Kli  **  direct  htifP*  ingot 
made  at  the  works  of  Mej-srs.  Henry  IJe^semer  A:  (\k  There  were 
aliK)  cxhibittHJ,  a  double-headeil  rail,  4^)  Uh^x  \nnfr;  a  24  ]M>ander 
and  a  32-|M>under  cannon  ;  a  2:»0   II.  P.  crank-Hhaft,  and  several 
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tircB  without  welds.  The  apecimens,  showing  the  wonderful  duc- 
tility of  the  metal,  have  been  referred  to  (472). 

Tlie  Bessemer  process  has  been  adopted,  during  the  last  two  or 
three  years,  since  its  early  embarrassments  were  overcome,  with 
such  great  success,  and  by  so  many  leading  manufacturers  in 
England,  France,  Sweden,  Belgium,  and  other  European  states, 
that  its  general  substitution  for  all  processes  of  making  either  fine 
wrought  iron  or  cheap  low  steel  is  now  considered  certain.  At 
one  establishment  in  Sheffield — the  Atlas  Works,  Messrs.  John 
Brown  &  Co. — two  3-ton  vessels  have  been  at  work  above  two 
years,  and  a  pair  of  10-ton  vessels  are  now  completed,  which  will 
make  the  total  product  of  Bessemer  metal  at  these  works  alone 
over  400  tons  per  week. 

Messrs.  Winslow  &  Griswold,  of  Troy,  New  York,  are  now 
erecting  apparatus  for  the  production  of  Bessemer  steel,  under  the 
direction  of  Mr.  Bessemer. 

488.  Abockoff^s  Steel. — The  steel  now  made  for  gnns  at 
several  establishments  in  Russia,*  on  Aboukoflfs  system,  is  thus 
described  in  the  patent : 

White  cait  iron 540  Ibt. 

Magnetic  ore loS  ** 

Artenic  1  ** 


*  "  In  Russia  (the  Ural  Worics)  thej  are  produdng  aboat  twentf  ( 
(up  to  6-in.  bore)  of  cast  steel  Mr.  Porteelofl;  at  his  large  works  in  Fialaiidi  and  hk 
his  smaller  worlcs  in  Petersburg^  is  also  producing  smaUer  guns  n^Mdlj ;  and  thai 
gentleman,  associated  with  Colonel  Aboukoff  and  Mr.  Kondraitsofl^  bav*  a  Tsry 
eztensiye  factory,  dose  to  Petersburg,  nearly  ready  for  produdng  solid  gnna  oT  Hm 
▼eiy  largest  calibre,  of  steel,  made  on  AboukofTs  system.  This  Ibctory  Mr.  Porteelaff 
hopes  to  start  in  November.  There  wiU  be  suflEldent  cnidble  ftimaoes  in  it  to  enable 
him  to  cast  a  block  of  16  tons ;  and  the  hammer*power  intended  to  be  used  for  redndag 
these  masses  to  shape  is  a  35-ton  one,  ordered  from  Morrlson^s,  of  Newcastle,  bat 
which,  from  accidents  in  castings,  Ac,  will  not  be  delivered  till  the  spring  of  18M. 
The  (Government,  therefore,  are  giving  Mr.  PovteelolT  every  aasistaaoe  in  their  eatab- 
lishment  at  Colpino,  to  enable  him  to  produce,  by  January  1st  nazt,  a  IMoo  hammer, 
on  Nasymth's  plan,  which,  with  a  lo-ton  hammer  (Vom  Rngland,  wiQ  enable  them  to 
make  9- in.  guns  rapidly.  The  works  are  on  a  very  laige  scale,  and  oalnilated,  in  a 
year  or  so,  to  produce  ten  Urge  guns  per  week,    e    •    • 

"  By  June,  1 864,  the  Russian  Goverament  will  have  sunk  at  least  a  mOUon  and  a  half 
sterling  on  this  system,  or  rather  quality,  of  steel  guns,  that  is  to  say,  on  i 
cast-steel  guns.** — Oofrapondmce  of  (he  l/mdom  Ai^mefr,  Sif,  t%  186S. 
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In  the  specification  of  the  patent  the  manipalation  is  thus  de- 
scribed : — First  melt  in  the  crucible  the  pig-iron,  then  add  the 
magnetic  ore  (previoasly  rednced  to  the  siie  of  peas  by  crashing), 
and  then  the  arsenic.  If  it  is  desirable  to  improve  the  quality  of 
the  steel,  iron  chippings  are  added,  and  the  proportions  are  varied 
as  may  be  reqnired.  Thus  hard  steel  is  made : — White  iron,  14 
lbs. ;  chippings,  18  lbs. ;  magnetic  ore,  3  lbs. ;  arsenic,  1  oa.  Soft 
steel : — White  iron,  10  lbs. ;  chippings,  22  lbs. ;  magnetic  ore,  8 
lbs. ;  arsenic,  1  os. 

**  Mr.  Puvteeioff,  as  also  Colonel  Abonkoff,  no  doubt  possesses 
s(»me  M)cret  beyond  what  is  thus  given,  for  they  maintain  that 
they  can  cast  a  portion  of  a  block  of  steel,  and  ten  hours  after 
pour  the  remainder  into  the  mould,  and  have  a  perfectly  united 
mass.  Our  Sheffield  manufacturers  would  do  well  to  ponder  on 
this.  Tlje  steel  produced  is  really  very  good ;  but  whether  or  not 
the  uniformity  claimed  is  to  be  had  in  making  on  a  large  scale 
remains  to  be  seen.^^* 

489*  In  France,  the  Government  is  understood  to  be  develop- 
ing, at  great  exjiense,  anoUier  method  of  producing  cheap  steel, 
viz.,  in  a  reverberatory  furnace,  resembling  a  puddling  furnace ; 
the  w  nought  iron,  or  puddled  steel,  is  protected  from  oxygen,  sul* 
pliur,  and  other  dec^trnetive  agents,  by  a  covering  or  bath  of  cin- 
der, and  thus  melted  and  run  into  moulds  without  the  aid  of 
crucibles  and  of  the  costly  processes  usually  employed. 

499«  Amiucicajc  Cast  Stkru— It  has  been  remarked  that  Messrs. 
Win»l«»w  &  Griswold,  of  Troy,  New  York,  are  erecting  works  for 
the  pHMluction  of  BcMtemer  steel,  under  tlie  direction  of  Mr.  Bes* 
semer.  Other  manufacturers  in  the  United  States  are  experi- 
menting with  various  processes  of  making  steel  direct  from  the 
ore,  and  of  improving  and  cheaiHsning  the  manufacture  generally. 
Such  ftu<'(*ess  has  attendtMl  many  of  these  latter  efforts,  that 
they  deM^^%'e  more  than  a  }>aM»ing  notice ;  bnt,  inasmuch  as  large 
ma«»Mii  ha%'e  nut  yet  liecn  pn>duoc<l,  and  as  the  prrnlucts  have  not 
vet  attained  to  (-€*Iebritv  as  cannon-metals,  a  furtlier  reference  to 
them  would  Im»  outsi<lf  of  the  m-o{)c  of  this  work. 

*  CuiTMpoodvnc*  of  TV  Lmdam  Kt^nmr,  Not.  S^  ISSS. 
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It  should  be  remarked,  however — ^Ist.  That  the  Ouvemment 
aud  the  old  established  iron-firms,  with  a  very  few  exceptions, 
have  not  rendered  the  encouragement  to  these  improvements 
which  is  warranted  by  the  notorious  success  of  similar  improve- 
ments in  Europe,  and  by  the  importance  of  the  subject.  2d.  That 
the  Franklinite  ores  of  New  Jersey  possess,  in  the  greatest  abun- 
dance, and  in  the  most  remarkable  variety  of  combination,  the 
very  materials — manganese  and  zinc — ^upon  which  the  success  of 
Bessemer,  Krupp,  and  the  European  steel-makers,  so  greatly  de- 
pends. 

491.  Systems  of  Fabrication. — Solid  Foboino. — ^The  grand 
advantage  of  steel  is,  that  very  large  masses  may  be  forged 
without  welds,  and  so  left  homogeneous  throughout.  And  to 
whatever  extent  hoops  may  be  employed,  the  inner  barrel,  or  the 
main  piece  which  gives  the  gun  longitudinal  strength,  must  be  a 
large  and  heavy  mass  of  metal. 

The  serious  defects  of  the  solid-foiling  process  for  wrought  iron 
luive  been  specified  (413  to  421).  With  one  exception,  they  apply 
to  wrought  iron  only.  The  use  of  light  hammers  would  be  more 
injurious  to  steel  than  to  iron.  But  this  is  not  a  fault  of  either 
material.  Good  work  necessarily  implies  good  and  adequate 
tools. 

Tlic  drawing  down  of  a  heavy  ingot — ^for  instance,  Erupp^s  in- 
got in  the  Exhibition,  which  was  8  feet  long  and  44  in.  in  diameter 
— requires,  firsts  a  uniform  heat  throughout  the  mass.  To  soften 
the  centre  of  such  a  casting  through  22  inches  of  solid  metal, 
without  burning  the  outside,  requires  a  moderate  and  steady  tem- 
perature, maintained  for  several  days.  Secofid.  The  effect  of  the 
hammer  must  be  felt  at  the  centre  of  the  mass,  instead  of  being 
confined  to  the  outside.  The  vU  viva  of  a  light  blow  is  absorlied 
in  changing  the  figure  of  the  surface  metal.  Nor  would  a  very 
rapid  stroke  from  a  light  hammer  answer  the  purpose.  Its  cffei*t 
would  be  local,  because  the  surrounding  metal  would  not  have 
time  to  distribute  it.  The  "  grain"  of  the  metal  would  also  be 
broken  and  distorted,  just  as  a  h*ght  cannon-shot  at  high  velocity 
shears  a  hole  for  itself,  in  the  side  of  an  iron-clad,  while  a  very 

• 
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heavy  and  slow  shot  racks  and  drives  in  the  whole  Btmctnre.  A 
great  weight,  falling  from  a  moderate  height,  is  resisted  by  the 
whole  mass  of  the  forging  below  and  aroond  the  place  where  it 
strikes.  For  this  reason,  Mr.  Empp  employs  a  40-ton  hammer, 
whicli  \A  said  to  have  a  fall  of  12  feet  The  ascertained  defects  of 
heavy  forging*,  dne  to  light  hammering,  are— Ist,  the  interior  of 
the  metal  is  not  condensed ;  2d,  the  oater  part  of  the  forging  is 
expaiidifl,  and  thus  drawn  away  from  the  centre  of  the  mass, 
sometimes  cracking  and  always  weakening  it ;  3d,  the  interior  of 
a  gnn  thuA  forged  is  left  in  tension,  while  the  exterior  is  in  com- 
prpi^ion,  wliich  is  the  opposite  state  of  strain  to  that  required. 

499.  FouiiiJSQ  II<>LU>w. — The  manner  in  which  Naylor, 
Vii'kcrs  fk  Co.^8  steel  jackets  are  forged  hollow  for  Blakely  guns 
has  lict>n  referred  to  under  the  latter  head  (22,  68,  69). 

Mr.  Whitworth  and  his  partner,  Mr.  Hulse,  in  a  subsequent 
patent  for  ami^tmcting  steel  or  homogeneous  metal  ordnanc^e,  thus 
sficcify  the  metlio<l  of  hollow  forging :  They  *^  cast  an  ingot  with 
a  hole  thnmgh  it,  and  afterwards  hammer  it  between  an  angular- 
shafted  anvil-bloi*k  and  a  hammer-head  of  a  similar  or  flat  shape. 
A  mandril  of  a  ta|ier  form  is  ins(*rted  through  the  hole  cast  in  the 
ingi»t,  and  the  o|)eration  of  hammering  or  forging  proceeds  till  the 
maiulrvl  lK*<'umes  too  hot  ffx>m  its  contact  with  the  heated  metal 
of  the  iiipit ;  it  is  then  withdrawn,  and  a  cold  mandrel  is  inserted 
in  tlio  pla(*e  of  the  heated  one,  and  the  hammering  or  forging  is 
continucHl  until  it  is  maile  of  the  desinnl  size  and  sliape.  If  pre- 
ferred, a  hollow  mandrel  may  be  usc<l  and  cMioIed  inti*mally.  The 
hammered  tubular  ingot  is  siibse«}uently  aimealod.  If  nec*>essary, 
tlie  interior  surface  of  the  tubular  ingot  may  lie  ^converted*  to  the 
re(|uinHl  depth.** 

'19a.  CoiiPaKsfliiro  mr  IIn>BAinLio  MAOtrnrmT. — The  heaviest 
hammers,  however,  are  found  to  priMluoe  too  much  local  and  exte* 
rii»r,  and  U^>  little  distributed  and  interior  compression  U|Mm  larjre 
ma^^e*  <»f  steel.  And  heavy  hammers  are  inconvenient,  eapecially 
when  the  forging  is  irregtilar  in  hliaix*.  Then*fore  stctJ-mHkers 
are  lN*ginning  to  ui«e  hydraulie  pre^sM^s  for  drawing  and  hhaping 
their  ingots.    At  the  new  works  of  McMirs.  Naylor,  Vicken  &  Co., 
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now  erecting  at  Sheffield,  this  machinery  will  be  substituted  for 
the  heaviest  hammers.  Mr.  Bessemer  has  also  patented  some 
alterations  especially  adapting  hydraulic  apparatus  to  the  drawing 
of  his  ingots.  , 

It  is  obvious  that  the  slow  and  uniform  pressure  of  water 
pumped  through  a  small  aperture  into  a  large  cylinder,  will  not 
strike  a  blow,  but  that  it  will  allow  each  particle  of  matter  acted 
upon,  however  thick  the  mass,  time  to  distribute  the  pressure  to 
the  next  particle.  In  the  case  of  ingots  compressed  while  hot 
from  the  moidds,  and,  therefore,  softer  within  than  without,  the 
interior  metal  would  be  better  worked  and  more  condensed  than 
the  exterior  metal. 

494.  EoLLiNG  AND  JoiNiNa  Hoops. — Another,  perhaps  equally 
important  advantage  due  to  the  casting  of  steel,  is  the  cheap  &b- 
rication  of  hoops  with  endless  grain.    The  machinery  used  is  a 
YiQ,  ]  87  modification  of  the  ordinary  rolling- 

mill;  the  rolls  are  short,  overhang- 
ing their  journals,  so  that  a  ring 
can  be  slipped  over  them  (Fig.  187). 
A  ring  of,  say,  half  the  diameter 
Machine  far  rolling  hoops.  ^^^  ^^^^^  ^^  thidmesB  of  the  fin- 

iihed  ring,  is  cast  as  any  other  ingot  is  cast.*  This  is  put  between 
and  drawn  roimd  by  the  rolls,  which  are  made  to  gradually 
approach  each  other  until  its  diameter  is  properly  increased,  and 
a  continuous  grain  is  developed  in  the  direction  of  its  circum- 
ference. Messrs.  Naylor,  Vickers  &  Co.  cast  a  great  many 
ingots  in  this  shape  for  tires,  and  for  Blakely  and  other  hooped 
guns. 

There  would  be  no  difficulty,  if  the  springing  of  the  necessarily 
small  inner  roll  is  not  serious,  in  making  tubes  two  or  three  feet 
long  in  this  way.  Long  rolls  would  require  support  at  both  ends, 
but  one  of  them  might  have  a  movable  pillow-block  at  one  end«  so 
that  a  ring  could  be  readily  put  in  or  removed. 


*  Measrs.  Najlor  Vickers  and  Co.  cast  these  ingots  on  a  yielding  oorOi  and  have 
patented  their  process. 
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Mr.  Kmpp  makes  rings  with  endless  grain,  by  forging  an  ingot 
into  the  shape  shown  at  Fig.  188,  having  holes  in  its  en<L(,  and 
uniting  them  by  a  slot,  opening  it  ont  into  a  ring,  and  then  roll- 
ing it  in  the  manner  described*    With  his  present       y^^  ^^^ 
machinery,  he  can  make  hoops  of  any  diameter,  but 
not  of  a  width  exceeding  6  inches. 

To  avoid  the  necessity  of  immense  hammers  and 
ftimaces,  and  the  costly  experiments,  by  which  alone 
a  manufacture  like  Mr.  Kru])p^s  can  be  established 
in  another  country,  with  different  materials  and 
an^killed  workmen,  Mr.  Hitchcock,  of  New  York,  proposes  the 
pnMx>>is  already  dL«cusscd  and  illustrated  (460X  of  fabricating  solid 
gun«  from  small  manses  of  low  steel  or  wronght  iron.  In  any 
caM>,  Mr.  Ilitdicock^s  process  would  be  valuable  for  the  &briea- 
tion  of  hmg  hoops  from  rings. 

49S.  HolM  CSMrt«9ieel  Cans. — The  soundness  of  steel  castings, 
especially  those  produced  by  Messrs.  Xaylor,  Yickers  A  Co.,  and 
by  the  I^whum  Company,  Prussia,  have  induced  Captain  Blakely 
to  construct  jmrts  of  M)me  of  his  guns,  such  as  outer  jackets  to 
embrace  inner  tubes,  of  hollow  ingots  not  forged,  but  only  an- 
nealed ;  and  there  U  a  growing  impression  in  England  that  the 
liean(*i*>t  ordnance  will  l>c  cast  s^ilid  from  steel.  As  such  guns 
would  have  about  tbn*o  time:^  tlie  tenacity  of  cast  iron  per  square 
inch,  the  wallii  c<»uld  l>e  *S4>  much  thinner,  that  the  defects  due  to 
nnequal  <*ooling  (364)  would  not  be  very  serious.  Besides, 
the  advantages  of  hollow  cai^ting  (373)  and  cooling  fn>m  the 
interior  ct mid  be  as  well  realized  in  steel  as  in  iron.  (>n  the  other 
hand,  it  is  contended  that  the  gain  in  strength  will  always  jmy 
the  ciist  of  hammering  steeL 

The  outer  jackets  f»f  built-up  guns,  upon  which  must  be  formed 
or  secured  the  trunnions  ami  casc^able,  and  whicli,  for  the  sake  of 
lonptudinal  strength,  should  be  solid  at  the  breech  end,  can  only 
hi*  t\pr*f*t  at  a  very  great  c<wt  And,  if  cast  hollow,  they  c«mld 
be  H}  little  c*omprcssed  or  drawn  by  forging,  tliat  very  little 

•  Mr.  Knipr*t  rircukr-^raftt  Rshibition,  18«1 
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dtrength  would  be  added  to  them  by  that  prooeBB.  Therefore  the 
simple  casting  and  annealing  of  such  parts,  in  the  mann^  adopted 
by  Captain  Blakelj,  would  seem  to  be  a  veiy  valuable  improTe- 
ment  in  gun-making. 

It  has  already  been  remarked  that  tubes  for  hydraulic  presses, 
railway  tires  and  wheels,  cranked  axles  and  bells  of  every  size, 
are  cast  sound  and  homogeneous  throughout,  from  low  steel,  by 
the  two  establishments  mentioned.  These  castings  are  always 
annealed,  which  increases  their  specific  gravity  and  toughness. 

Sbotton  Y.    Bbonzk. 

496*  An  alloy  of  about  90  parts  of  copper  and  10  parts  of 
tin,  commonly  known  as  '^  gun-metal"  in  Europe,  is  popularly 
called  ^' brass"  in  America,  when  used  for  cannon,  and  named 
^^  bronze"  by  recent  American  writers.  A  strong  cast  iron  is  also 
known  in  America  as  '^  gun-metal." 

Keferring  to  Table  72,  it  will  be  observed  that  the  ^^  work  done" 
in  stretching  to  the  elastic  limit  and  to  the  point  of  fracture,  is 
less  for  ordinary  bronze  than  for  wrought  iron  of  maximum  duc- 
tility, and  for  low  steel.  This  defect,  added  to  the  costliness*  of 
bronze,  to  the  various  embarrassments  experienced  in  the  casting 
of  large  masses,  to  its  softness,  and  consequently  rapid  wear  and 
compression,  and  to  its  injury  by  heat,  hits  not  warranted  its  em- 
ployment for  large  calibres  and  high  charges.  The  increase  of 
cost,  with  increase  of  weight,  would  probably  be  greater  for 
bronze  than  for  cast  iron,  and  much  greater  than  for  steel  fab- 
ricated by  Bessemer's,  or  wrought  iron  fabricated  by  Ames's  or 
Hitchcock's  process,  because  bronze  must  be  cast  under  great  pres- 
sure, to  be  sound  and  tenacious.  So  that,  were  it  the  proper  metal 
in  other  particulars,  an  unnecessarily  large  and  actually  immense 
non-paying  capital  would  be  tied  up  in  a  national  bronze  arma- 
ment.    The  high  value  of  the  old  material  would  not  offset  this 


*  The  price  of  bronze  field-pieoeSy  aooording  to  BentoD*s  '*  Ordnaaoe  and  Gunnary,'* 
1862,  was  about  45  cents  per  pound. 
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ooit  to  the  extent  that  it  does  in  railway  mattera,  for  obvious 


The  mean  ultimate  cohesion  of  gim-metal|  according  to  Euro- 
pean authorities  and  the  experiments  of  the  United  States  Govern- 
ment, is  about  88000  lbs.  per  square  inch.  In  one  of  his  tables, 
Mr.  Mallet  sUtes  it  from  32334  lbs.  to  48686  lbs.*  Major  Wade 
states  it  from  17698  to  56786  lbs.t 

Captain  Benton  says,^  that  *^  the  density  and  tenacity  of  bronze, 
when  cast  into  the  form  of  cannon,  are  found  to  depend  upon  the 
pressure  and  mode  of  cooling.  This  is  exhibited  by  the  means  of 
observations  made  on  five  guns  cast  at  the  Chicopee  Foundry, 
VIZ.: 


Dbvsitt. 

Qmrn-hmd. 
••444 
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^^  The  guns  were  cast  in  a  vertical  position,  with  the  breech 
s^iuare  at  the  bottom.  In  consequence  of  the  difference  in  the 
fusibility  of  tin  and  copper,  the  perfection  of  the  alloy  depends 
much  on  the  nature  of  the  furnace  and  the  treatment  of  the 
melted  metal.  By  these  means  alone,  the  tenacity  of  bronxe  has 
Ijoen  carried,  at  the  Washington  Navy  Yard  Foundry,  as  high  as 
60000  Ibs.^ 

The  iabrication  of  bronze  ordnance  appears  to  be  far  better  un- 
derrtood  in  Spain,  and  more  e«ii)eeially  in  Turkey,  than  in  Amer- 
ica or  England.  Some  bronze  guns  of  2<)  tons  weight  have  been 
ra«»t  in  Spain,  but  they  cannot  be  rapidly  fired. 

497.  According  to  American  and  British  authorities,  the 
want  of  uniformity,  even  in  different  parts  of  the  same  gun,  is 
a  striking  defect     For  instance :  ^  For  light  pieces,  especially  for 

•-Od  Uw  GaMlnictkM  of  Artakty.**  MaUK  ISM,  p.  YS. 
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field-cannon,  bronze  i»  mnch  used,  bnt  there  are  many  objections 
even  to  this  alloy.  Ab  the  tin  is  mnch  more  fhsible  than  the  cop- 
per, and  mnst  be  introduced  when  the  latter  is  in  fosiony  it  ia  diffi- 
cult to  seize  the  precise  moment  when  the  alloy  can  be  properly 
formed ;  part  of  the  tin  is  frequently  burned  and  converted  into 
scoria."* 

Major  Wade,  after  calculating  the  results  of  experiments  on  a 
lot  of  bronze  guns,  cast  at  Chicopee,t  says :  '^  The  most  remark- 
able feature  of  the  above  table  is  the  irregular  and  heterogeneous 
character  of  the  results  which  it  exhibits,  in  samples  taken  finom 
different  parts  of  the  same  guns.  *  *  *  By  an  examination 
of  the  results  obtained  from  the  heads  of  all  the  guns  cast,  it  will 
appear  that  the  density  varies  from  8*308  to  8*756,  a  difference 
equal  to  28  lbs.  in  the  cubic  foot ;  and  that  the  tenacity  varies 
from  23529  to  35484,  a  difference  in  the  ratio  of  2  to  3.  These 
differences  occur  in  samples  taken  from  the  same  part  of  different 
castings,  the  gun-head ;  the  part  which,  in  iron  cannon,  gives  a 
correct  measure  of  the  quality  of  the  metal  in  all  parts  of  the 
gun.  «  *  *  The  materials  used  in  all  these  castings  were  of 
the  same  quality;  they  were  melted,  cast,  and  cooled  in  the  same 
manner,  and  were  designed  to  be  similarly  treated  in  all  respects. 
The  causes  why  such  irregular  and  unequal  results  were  produced, 
when  the  materials  used  and  the  treatment  of  them  were  ap- 
parently equal,  are  yet  to  be  ascertained."  Speaking  of  another 
lot  of  bronze  howitzers,  made  at  the  South  Boston  Foundry,  the 
same  authority  says :  ^'  On  a  general  resnrvey  of  the  results  ob- 
tained from  all  the  samples  tested,  the  most  striking  feature 
exhibited  is  that  of  their  great  diversity  in  density  and  strength, 
and  for  whicli  no  obvious  or  satisfactory  cause  is  seen  or  can  be 
assigned." 

498.  The  authorities  generally  agree  that  the  tin  in  bronw 
guns  is  gradually  melted  by  the  heat  of  successive  explosions. 
If  this  is  the  case  with  field-guns,  the  heavy  chaiges  and  pro- 


*  "  OrdnMia*  and  NsTal  Oamieiy,'*  Simpmi,  ISSl 

f  **  BaporU  of  fizperimenu  on  Mstals  for  Oumon,**  1S5C 


Bbonzb.  421 

jectileci,  and  the  quick  firing  demanded  in  iron-clad  warfare, 
wonld  soon  destroy  this  material.  G>lonel  Wilford  stated,  at  a 
meeting  of  the  United  Service  Institution,*  that  iron  mortars 
were  introduced  because  holes  were  burned  in  the  chambers  of 
bronse  mortars  by  the  immense  heat  of  the  powdor-gas.  Ileat 
also  causes  the  drooping  of  the  oarts  of  a  bronze  gun  that  over- 
hang the  tmnnions. 

As  to  deoompoeition.  Captain  Benton  saja  :t  *^  Bronse  is  but 
slightly  corroded  by  the  action  of  the  ga^es  evolved  from  gun- 
powder, or  by  atmospheric  canscA  ;^*  but  Captain  Simi>son  remarks^ 
that  the  gases  produced  by  the  combustion  of  gunpowder  also 
produce  an  injurious  effect  upon  this  kind  of  piece,  by  acting 
chemically  on  the  brt>nxe. 

499«  Both  abrasion  and  compression  are  due  to  softness.  The 
liardncfls  of  broujEe,  as  compared  with  cast  and  wrought  iron,  is 
UbulatcHi  by  Major  Wade.     (Table  71.)§ 

AH  these  defects  of  bronze  for  Uie  bore  of  a  gun,  irrespective  of 
strength,  viz.,  the  melting  of  the  tin,  the  change  of  figure,  the 
cfinvervion,  abrasion,  and  eomprr^^ion — obviously  aggravate  each 
other ;  and,  when  taken  in  connection  with  rifling  and  excessive 
pn*M»ures,  are  conclusive  evidence  as  to  the  unfitness  of  the  mate- 
rial to  meet  the  conditions  of  greatest  effect  under  consideration. 

The  average  ultimate  tenacity  of  bronze  is  so  low — in  fact,  little 
above  that  of  the  best  average  cai^t  gun-iron — that  the  loss  of 
strengtli,  due  to  want  of  regulated  initial  tension  and  compression, 
bc^ymes  a  very  serious  dcfe(*t^  when  calibres  are  largo  and  pres- 
sure high.  To  remedy  it  by  hooping  bronze  with  steel  or  iron, 
would  not  avoid  the  defective  surface  of  the  Iwre,  just  considered. 

W>«  Tlie  Dutch,  however,  have  lined  cast-inm  guns  with 
bnmze,  and  (Captain  Blakcly  has  constructed  some  experimental 
gmis  in  tlie  same  way,  for  another  rcas<m:  bronze  can  safely 
elongate  more  than  cast  iron,  without  i>ermanent  change  of  figure ; 

•  •*  Jovmd  of  Uie  rnhcd  IWrlo*  InatitiitioiK,*'  JmM.  1SS1. 
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and  when  it  is  put  in  a  position  where  it  must  be  more  elongated 
by  internal  pressure,  the  strength  of  the  whole  stmcture  is  thus 
brought  into  service — the  principle  of  varying  elasticity,  already 
considered,  is  approximately  realized  (320). 

ffOl,  Bronze  hoops  upon  steel  or  iron  barrels  (106)  would 
avoid  the  defect  of  a  soft  bore,  but  it  would  increase  the  defect 
just  considered,  due  to  the  unequal  stretching  of  the  layers  of  a 
tube  by  internal  pressure.  A  principal  advantage  of  bronze  hoops 
mentioned  by  Mr.  Wiard  (338)  is,  that  with  the  little  heat  they 
would  get  from  the  powder,  they  would  expand  to  the  same  extent, 
approximately,  as  the  more  highly -heated  iron  barrel,  thus  redu- 
cing the  danger  of  bursting  by  rapid  firing. 

Seotioic  YL     Otheb  Allots. 

fflKi.  Fhosphobus  is  known  to  improve  the  strength  of  copper, 
and  to  make  it  cast  soundly.  Mr.  Abel,  chemist  to  the  British 
War  Department,  stated  before  the  Institution  of  Civil  Engineers,* 
that  he  had  made  some  experiments  upon  the  combinations  of 
phospliorus  with  copper,  and  '^  had  found  that  by  the  introductioo 
of  a  small  proportion  of  that  substance,  say  from  2  to  4  per  cent., 
of  phosphorus  into  copper,  a  metal  was  produced,  remarkable  for 
its  density  and  tenacity,  and  superior  in  every  respect  to  ordinary 
gun-metal  (the  alloy  of  copper  and  tin  known  by  that  name).  lie 
believed  the  average  strain  borne  by  gun-metal  might  be  repre- 
sented by  31000  lbs.  upon  the  square  inch;  whilst  the  material 
obtained  by  adding  phosphorus  to  copper  bore  a  strain  of  from 
48000  to  50000  lbs.  But  the  increased  tenacity  was  not  the  only 
beneficial  result  obtained  by  this  treatment  of  copper.  The  mate> 
rial  was  more  uniform  throughout,  which  was  scarcely  ever  the 
case  with  gan-metrl  The  experiments  alluded  to  were  merely 
preliminary,  and  had  been,  to  a  certain  extent,  checked  by  the 
improvements  since  introduced  in  the  construction  of  field-guns, 
which  had  led  to  a  discontinuance  of  the  employment  of  gun* 
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meUl.^  The  improvements  alluded  to  were  wrought  iron  and 
steel,  and  the  Armstrong  and  Whitworth  processes  of  fabrication. 

MIS.  Aluminiuh  is  found  to  add  great  strength  to  copper. 
The  compound  thus  formed  is  called  Aluminium  Bronze.  Mr. 
Anderson,  Superintendent  of  the  Royal  Oun-Factories,  Woolwich, 
has  found  the  tensile  strength  of  an  alloy  of  90  per  cent  of  copper 
and  10  per  cent,  of  aluminium,  to  be  73IS1  lbs.  per  square  inch, 
or  twice  that  of  gun-metal ;  and  its  resistance  to  crushing,  182144 
lbs.,  that  of  gun-metal  being  120000  lbs.  The  aluminium  bronze 
did  not  t»egin  to  change  figure  until  the  pressure  exceeded  20384 
lbs.  In  transverse  strength  or  rigidity,  it  was  also  found  superior 
to  gun*metal,  in  the  ratio  of  44  to  1.  Its  tenacity  and  elas- 
ticity dejiend  on  a  particular  number  of  meltings:  at  the  first 
melting  it  is  very  brittle,  a  state  to  which  it  again  returns  after 
fusion.* 

^*  The  first  melting  app^u*s  to  produce  internal  mechanical  mix- 
ture, rather  than  chemical  combination  of  the  metals ;  as,  in  the 
pn>|K>rtion  of  10  of  aluminium  and  90  of  copper,  an  alloy  of  a  very 
brittle  character  is  produced  by  the  first  melting ;  but  renewed 
opportunity  of  uniting  into  a  definite  chemical  compound  being 
afforded  by  repeated  melting,  a  more  uniform  combination  seems 
to  take  place,  and  a  metal  is  produced  free  fit>m  brittleness,  and 
having  about  the  same  hardncM  as  iron.  The  alloy,  containing 
rather  lc>s  than  10  per  cent,  of  aluminium,  is  said  to  pos^sess  the 
most  uniform  com|N)siti4m  and  the  bci^t  degree  of  hardness ;  but  it 
is  not  always  an  eai^y  thing  to  produce  this  desirable  uniformity 
of  t4*xtttre,  as  patches  of  extreme  hardncM  S4imetimes  occur,  which 
roint  tlic  tools,  and  are  altogether  unamenable  to  the  action  of  the 

rollcTK^'t 

Aluminium  bronze,  compoi^  o(  9  parts  by  weight  of  copjior 
and  1  of  aluminium,  was  found  by  Mr.  Andenon  to  have  a  tensile 
strength  of  about  43  tons  (96320  Itjs.);  but  two  other  s|>«cimens, 
which  were  not  quite  Hound,  had  only  a  mean  tensile  strength  of 
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about  22i  tonB*  (50400  lbs.).  80  that  the  metal  is  liable  to  great 
variationB  in  Btrength. 

The  coBt  of  this  alloy,  6s.  6d.y  or  $1.62  per  pound,  would  of 
course  prevent  its  extensive  introduction  as  a  cannon-metal. 

«S04,  Stebbo-Metal,  a  recent  invention  of  Baron  de  Rosthom, 
of  Vienna,  is  described  by  a  correspondent  of  the  London  TiW^,+ 
in  an  article  that  contains  so  many  accurate  statements  on  other 
points,  as  to  merit  consideration :  ^^  The  mechanical  properties  of 
the  alloy  have  been  carefully  examined  at  the  Polytechnic  Insti- 
tution, Vienna,  in  the  presence  of  competent  observers ;  and  I  now 
have  before  me  a  duly  attested  copy  of  the  tabulated  results  of  ncyt 
fewer  than  30  experiments,  from  which  I  select  the  following. 
The  tensile  strength  per  square  inch  is  estimated  in  English  tons: 


Table  LXXIIL^Tbitsilb  STBnroTH  or  SriBRO-llvrAU— BxprnnmnB  or  Polt- 
racmno  iHsnTunoH,  Vnanri. 


B^OMdto 


After  timple  Fusion 

After  Forging  Red-hot 

After  Drawn  Cold 

Ouh-Mbtai^— Bbovbl 
^fter  Simple  Fution 


(o4to 
76160 
t$tso 

40310 


'^The  same  copper,  from  Boston,  U.  8.,  was  used  in  making 
both  the  sterro-metal  and  the  gun-metal,  and  for  the  latter  the 
l)e8t  English  tin  was  employed.  Both  alloys  were  cast  under  pre- 
cisely similar  conditions,  and  run  into  the  same  mould.  Similar 
tests  were  made  at  the  Arsenal,  Vienna,  and  the  results  are  as  fol- 
low: 


*  CorrMpoodonoe  of  the  London  llnMi 

t  London  Timm,  Feb.  8d,  1863.    Also  quoted  bj  the  London 
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**  The  spedmens  of  metal  operated  on  in  the  preceding  experi- 
ments were  analyzed  at  the  Austrian  mint  The  results  are  as 
under: 

Tahji  LXXV. — AvALTsn  or  AtmuAV  dnsao-MsrAU 
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*^  Experience  has  shown  tliat  the  proportion  of  spelter  may  rary 
fn>m  AS  to  42  ]ht  ocnt«,  without  materially  affecting  the  quality 
of  the  alloy.  ♦  ♦  ♦  The  specific  gravity  of  the  forged  metal  is 
h'«37,  and  that  at  the  same  metal,  drawn  cold  into  wire,  8*40. 

•  •  •  Ihit  sterro-mctal  |H>K8ei^*e«  another  quality  whicli,  in 
reference  to  itH  application  for  guns,  is  regarded  as  more  impor- 
tant than  its  high  tenacity,  viz.,  great  elasticity.  It  is  not  |>cr* 
manently  elongated  until  stretched  beyond  y^f   of   its  length. 

*  *  *  Sterro-tnetal,  it  should  be  stated,  is  from  30  to  40  per 
cent,  cheaper  than  gnn-metaL  Field-guns,  from  4  to  13-pound- 
ers,  have  been  made  of  single  pieces  of  metal,  worked  by  the 
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action  of  a  hydraulic  press,  whereby  expense  in  forging  is 
avoided;  but  reliable  experiments  have  demonstrated  that  the 
metal  thus  treated  has  precisely  the  same  properties  and  the 
same  tensile  strength  as  bars  of  it  drawn  out  under  the  steam- 
hammer.     *  *  ♦ 

^'  It  remains  to  be  seen  whether  the  tremendous  concussions 
occasioned  by  firing  will  not  seriously  injure  this  new  alloy,  and 
whether  the  surface  of  a  metal  containing  so  laige  a  proportion 
of  spelter  will  not  be  seriously  corroded." 

Experiments  at  the  Kotal  Gun-Factobibs,  Woolwich,  wtth 
Stebbo-Metai.. — ^The  following  is  the  official  report  of  experi- 
ments made  by  Mr.  John  Anderson,  upon  this  metal,  variously 
compounded  and  treated : 

'^  Composition  of  this  alk>y,  as  made  in  the  arsenal  at  Vienna, 
is — copper,  60;  zinc,  41-88 ;  iron,  1*94;  tin,  *156.  And,  as  made 
at  the  Polytechnic,  Vienna,  its  composition  is :  copper,  60 ;  zinc, 
46-18 ;  iron,  193 ;  tin,  -905. 

'^  Alloys  of  similar  composition  to  that  of  the  Austrian  metal 
have  been  prepared  in  the  Boyal  Gun-Factories,  from  which  a 
better  result  has  been  obtained  than  from  mixtures  of  the  Aus- 
trian metals,  also  prepared  in  the  Boyal  Gun-Factories.  The  sub- 
joined table  shows  the  results  of  the  experiments  with  these  dif- 
ferent specimens. 

''This  alloy  is  said  to  be  the  invention  of  Baron  de  Rosthom, 
of  Vienna.  It  derives  its  name  from  a  Greek  word  signifying 
'  firm.'  It  consists  of  copper  and  spelter,  with  small  portions  of 
iron  and  tin  ;  and  to  these  latter  its  peculiar  properties  are  attrib- 
uted. 

''  It  has  a  brass-yellow  color,  is  close  in  grain,  is  free  from  poros- 
ity, and  has  considerable  hardness,  whereby  it  is  well  adapted  to 
bearing-metal,  or  other  purposes,  where  resistance  to  friction  is 
needed. 

''  Sterro-metal  possesses  another  quality,  which,  in  reference  to 
its  application  for  guns,  is  regarded  as  more  important  than  its 
high  tenacity,  namely,  great  elasticity. 

''The  inventor  proposes  that,  in  heavy  ordnance,  the  interior 
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should  conftiet  bf  a  tube  of  sterro-metal,  and,  over  this,  wrought 
or  naat  iron  should  bo  shrunk,  from  the  breech  to  beyond  the 
trunnions." 

A#ff«  An  alloy  of  copper,  made  by  the  Ames  Manufacturing 
Company,  at  Chicopee,  Mass.,  is  said  to  have  a  tensile  strength  of 
SOOiK)  lbs.  per  square  inch.  The  particulars  of  the  composition 
are  not  made  public. 

g<6.  In  the  discussion  before  the  Institution  of  Civil  Engi- 
neers,  before  referred  to,  *  Mr.  Charles  Fox  said  that  "  he  believed 
it  would  eventually  be  found  that  tlio  bei^t  gun  could  be  con- 
structed  with  some  extremely  dense  and  homogeneous  alloy,  cast 
and  used  without  being  drawn  under  the  hammer.  If  a  gun  was 
made  of  an  alloy  pofM*ssing  very  great  density,  the  detonating 
forre  of  the  powder  would  be  resisted  by  a  greater  quantity  of  the 
metal  employed  than  it  could  lie  by  making  use  of  one  with 
greater  elasticity.  He  thought,  therefore,  the  l>est  guns  would  be 
made  <»f  iron,  mixed  with  some  other  metals,  such  as  wolfram  and 
titanium,  so  as  to  insure  the  greatest  strength  and  density.    Mr. 
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MiiBhet  had  obtained  great  density,  by  mixing  with  iron  a  small 
percentage  of  wolfram,  and  great  strength  by  the  use  of  titaninm. 
Therefore,  he  was  inclined  to  believe,  that  gnns  cast  of  the 
densest  alloys  wonld  have  greater  effect,  in  proportion  to  their 
thickness,  than  could  be  obtained  by  any  complicated  and  expen- 
sive mode  of  construction." 

ff07.  It  is  obviously  impossible,  in  the  absence  of  further 
experiments,  to  predict  either  great  success  or  failure  for  the 
alloys  considered,  as  compared  with  steel.  The  field  for  discovery 
and  improvement  is  certainly  broad  and  promising ;  but  no  more 
so  than  in  the  case  of  steel.  Although  the  alloying  of  copper, 
especially  for  cannon,  has  been  practised  for  more  than  five  hun* 
dred  years,  and  should,  therefore,  be  in  advance  of  steel-making, 
which,  for  the  purposes  of  artillery,  is  the  work  of  the  last  decade, 
both  metals — in  fact,  all  metals — are  undeveloped,  because  their 
chemical  relations,  and  especially  their  elongation,  within  and 
beyond  the  elastic  limit,  and  the  corresponding  preteures,  have  not 
been  properly  investigated. 

While  certain  alloys,  of  both  iron  and  copper,  have  one  impor> 
tant  feature  in  common — ^liomogeneity,  due  to  fusibility,  at  prac- 
ticable temperatures — ^the  alloys  of  iron  have  this  grand  advan- 
tage: iron  is  everywhere  cheap  and  abundant;  and  the  other 
necessary  ingredients  and  fluxes — carbon,  manganese,  xinc,  and 
silicium — are  equally  abundant,  and,  in  some  localities,  already 
mixed,  which  would  appear  to  be,  on  the  whole,  advantageous, 
although  the  mixtures  arc  not  found  in  proper  proportions. 

a08.  CoBclasions. — 1.  The  fitness  of  metals  for  cannon 
depends  chiefly  on  the  amount  of  their  elongation  within  the  elas- 
tic limit,  and  the  amount  of  pressure  required  to  produce  this 
elongation ;  that  is  to  say,  upon  their  elasticity. 

It  also  depends,  if  the  least  possible  weight  is  to  be  combined  with 
the  greatest  possible  preventive  against  explosive  bursting^^  upon 
the  amount  of  elongation  and  the  corresponding  pressure,  beyond 
the  elastic  limit ;  that  is  to  say,  upon  the  ductility  of  the  metaL 

Hardness,  to  resist  compression  and  wear,  is  the  other  moat  im- 
portant quality. 
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2.  Cast  iron  hat  the  least  nltimate  tenaci^,  elasticity,  and  duc- 
tility ;  bat  it  is  harder  than  bronise  and  wrought  iron,  and  more 
uniform  and  tmstworthy  than  wrought  iron,  because  it  is  homo- 
geneous. 

The  unequal  cooling  of  solid  castings  leaves  them  under  initial 
rupturing  strains ;  but  hollow  casting,  and  cooling  from  within, 
remedies  this  defect,  and  other  minor  defects. 

3.  Wrought  iron  has  the  advantage  of  a  considerable  amount 
of  elasticity,  a  high  degree  of  ductility,  and  a  greater  ultimate 
tenacity,  than  cast  iron ;  but,  as  lai^  masses  must  be  welded  up 
from  small  pieces,  this  tenacity  cannot  be  depended  upon :  this 
defect,  however,  is  more  in  the  process  of  fabrication  than  in  the 
material,  and  may  be  modified  by  improved  proce^^cs.  Another 
serious  defect  of  wrought  iron  is  its  softness,  and  consequent 
yielding,  under  pressure  and  friction. 

4.  Low  cast  steel  has  the  greatest  ultimate  tenacity  and  hard- 
ne^ ;  and,  what  is  more  important,  with  an  equal  degree  of  duc- 
tility, it  has  the  higliei^t  elasticity. 

It  has  the  great  advantage  over  wrought  iron,  of  homogeneity, 
in  masM^-s  of  any  size. 

It  i»,  unlike  the  other  metals,  capable  of  great  variation  in  den- 
sity, by  the  simple  prooesi»es  of  hardening  and  annealing,  and, 
therefore,  of  l)eing  adapted  to  the  different  dqp'ees  of  elongation 
that  it  is  subjected  to,  in  either  solid  or  built-up  guns. 

5.  Bronze  has  greater  ultimate  tenacity  than  cast  iron,  but  it 
has  little  more  elasticity,  and  less  homogeneity;  it  has  a  high 
degree  of  ductility,  but  it  is  the  softest  of  cannon-metals,  and 
is  injuriously  affiM*te«l  by  the  heat  of  high  charges. 

The  other  alloys  of  copjK»r  are  very  costly,  and  their  endurance, 
under  high  rliargt>s,  is  not  determined. 

6.  In  view  of  the  duty  demanded  of  modem  guns,  simple  cast 
iron  is  t<M>  weak,  although  it  can  l>e  used  to  advantage  for  jackets 
over  steel  tnlies — a  position  where  mass,  small  extensibility,  and 
the  cheap  application  of  the  trunnions  and  oth(*r  projecticms,  are 
the  rliief  re()uirements.  And,  altliougli  cast-iron  barrels,  hoo|KHl 
with  the  best  high  wrought  in>n,  and  with  low  steel,  cannot  fulfil 
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all  the  theoretical  couditions  of  strength,  and  do  not  endure  the 
highest  charges,  thej  have  thns  far  proved  trostworthj  and 
efficient. 

Wrought  iron,  in  large  masses,  cannot  be  trusted,  and  is,  in  all 
cases,  too  soft. 

Bronze  is  impracticably  soft  and  destructible  by  heat. 

Low  steel  is,  therefore  (possibly  in  connection  with  cast 
iron,  as  stated  above),  by  reason  of  the  associated  qualities  which 
may  be  called  strength  and  toughness,  the  only  material  from 
which  we  can  hope  to  maintain  resistance  to  the  high  pressures 
demanded  in  modem  warfare. 
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CHAPTER  V. 

BXnSSQ  AND  PBOJBOTILBB. 


StAVDABO   FoRMB   AKD   PkAOTICB   DB8CRIBKD.* 

K  Ths  first  comprehenBive  experiment  with  rifled  cannon 
appean  to  have  been  made  in  RosBia,  about  1836,  and  oongisted 
in  firing  1800  roonds  from  a  IS-pounder,  263  ahots  in  one  day 
from  an  18- pounder,  and  100  shots  continnously,  on  suocessiTe 
days,  from  both  an  18-pounder  and  a  24-pounder,  without  either 
wads  or  grease.  The  gun  was  the  invention  of  Montigny,  of  Bel- 
gium, and  was  rejected  by  his  own  Government,  and  finally  by 
tlie  Russian  and  the  British  Oovemments. 

Sl#«  Major  (now  General)  Cavalli,  a  Sardinian  officer,  experi- 
mented, in  1845,  with  a  breech-loading  gun  (Fig.  189)  which  was 
rifled  with  two  grooves  for  a  plain  iron  shot  (Fig.  190;.     In  1847, 

fig.  189. 


OteTim  rifled  bmcbJoMlar. 

ha  obtained  g<MKl  n»ults  with  an  8in.  gun,  until  the  brcrch- 
kiading  apparatus  gave  way. 

*  Umf  of  i1m>  M!«»wiair  hifOorinU  uuA  dt^meripUr^  teeU  aboitt  Waroptum  prq^ertitos 
ATP  rnmpQmd  fron  p*|»r«  rtmd  hj  Commaoa«r  IL  A.  R.  8oott»  B.  H.,  befort  Um  Koftk 
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511.  In  1846,  Baron  Wahrendorf,  of  Sweden,  affixed  lead  to 
the  Bides  of  elongated  projectiles  bj  means  of  grooves  (Fig.  191). 


FiCk  190. 


TiOw  191. 


Oavalli  projectile. 


Wahrendorfs  lead-ootttiiig. 


FiQ.  192. 


The  plan  was  tried  at  Berlin  in  1851,  in  a  6-grooved  12-poiuider 
with  a  slow  twist ;  and  afterwards  in  both  Sweden  and  Prussia ; 
and  in  1857  in  France,  bnt  without  remarkable 
success.  In  1856,  General  Timmerhaus,  of  Bel- 
gium, invented  an  expanding  (Fig.  192)  sabot, 
which  was  forced  into  the  rifling,  and  thus  gave 
rotation  to  the  projectile.  His  gun  had  two, 
four,  and  six  grooves,  with  one  turn  in  18  feet. 

JI13,  In  these  plans  we  find  the  germs  of  the 
three  leading  systems  of  the  present  day — the 
solid  projectile,  fitted  to  enter  the  grooves  of  the 
gun ;  the  compression  of  a  soft  covering  on  the 
shot  by  the  lands  of  the  gun  (the  Armstrong 
system);  and  the  expansion  of  the  rear  of  the 
shot  by  the  pressure  of  the  powder,  to  fill  the 
grooves  of  the  gun. 
513.  The  CenterlBff  System. — The  solid  projectile,  fitted  to 
the  rifling  of  the  gun  so  as  to  centre  itself,  has  been  improved  by 
Commander  Scott,  R.  N.,,  in  what  he  calls  the  ''  centrical^  sys- 
tem, which  will  be  further  mentioned  (535).  The  centering  sys- 
tem may  embody  the  compressing  or  expanding  system  in  any 
required  degree.  While  the  shot  is  rotated  by  the  solid  projec- 
tions formed  upon  it  and  fitting  into  the  grooves  of  the  gun,  the 
exterior  of  these  projections,  or  of  the  whole  shot  (521),  may  be 
covered  with  a  soft  substance,  which  may,  in  the  case  of  a  breech- 
loader, be  larger  than  the  bore,  and  thus  be  compressed  while 
passing  out  of  the  gun ;  or  which  may,  like  the  Sawyer  projectile 


Tlminerhaua's  ex< 
panding  shot 
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FiO.  193. 


(540),  be  expanded  by  the  pressure  of  the  powder  to  fill  the 

Usaally,  the  hard  surface  of  the  projectile  is  dressed  to  bear 
directly  upon  the  surface  of  the  bore,  leaving  a  little  windage. 
Whitworth's  (531)  and  Scott's  (535)  projectiles  are  examples  of 
this  practice. 

51 4.  Projectiles,  having  wings  fitted  for  certain  grooves,  can 
only  be  used,  each  with  its  own  bore;  while  compressed  or  ex- 
panded shot  will  adapt  themselves  to  any  form  of  rifiing.  In  a 
gun  grooved  for  winged  shot,  however,  any  expanding  shot  can 
be  employed ;  while,  if  the  enemy  has  no  guns  fitted  for  winged 
shot,  he  cannot  fire  such  shot  back,  when  any  are  captured  or 
recovered. 

515.  FRENCH. — The  first  successful  adoption  of  rifled  cannon 
in  warfare  was  by  the  French  against  the  Austrians,  in  1859^*  The 
plan  (Fig.  193),  brou^t  forward  as  early  as 
1842  by  Oolonel  (now  General)  Treuille  de 
Beanlieu,  and  twice  ignored  by  the  French 
Artillery  Committee,  was  finally  appreciated 
by  the  Emperor,  after  the  before-mentioned 
trials  of  Wahrendorf 's  and  several  other  rifled 
projectiles.  It  consisted  of  12  zinc  studs,  or 
buttons,  placed  on  the  shot  in  pairs,  so  as  to 
project  into  the  6  rounded  grooves  of  the  gun. 
One  stud,  or  projection  on  the  gun,  was  ar- 
ranged to  push  the  bearings  of  the  shot  tight 
against  those  sides  of  the  groove  on  which  it 
would  press  in  going  out,  so  as  to  decrease 
jarring  and  play. 

For  larger  ordnance,  the  French  commenced  by  making  two  shal- 
low elliptical  grooves  (Fig.  194).  The  projectiles  were  of  solid  iron ; 
those  having  short  studs  or  bearings  were  used  with  the  '^  gaining 
twist,''  and  those  having  long  bearings  with  the  uniform  twist 


Beaulieu'B,    or    first 
French  flerrioe  rifle 


*  The  present  French  centering  eystem  was  introduced  in  Dec,  1860,  after  Oom- 
mander  8oott*8  centering  sjstem,  which  waa  offered  to  the  Britiah  Qoyemment  in 
AugoBt,  1859. 

28 
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But  as  the  projectile  could  not  accurately  centre  itself  on  two 
points,  three  points  were  provided,  and  in  December,  1860,  the 
three-grooved  gun  (Fig.  195),  with  the  gaining  twist,  was  intro- 


FlO.  194. 


FlO.  195. 


Euiy  French  rifling  for  ordnance. 


French  rifling;  1S60. 


daced.  Studs  faced  with  white  metal  were  cast  on  the  bearing 
side  of  the  projectile  (Fig.  196).  The  ordnance  thus  treated  were 
cast-iron  30-pounderB  and  50ponnder8,  strengthened  by  hoops 
over  the  breech. 


FlO.   196. 


French  prqjectile,  1860. 

816.  The  following  are  the  particulars  of  the  French  rifling 
and  projectile  (Fig.  197)  used  with  a  cast-iron  32-poander  gun, 
charge,  5*5  lbs.,  in  the  English  competitive  trials  of  1861 : — In- 


Rifling  and  Pbojectiles. 


435 


Flo.  197. 


creasing  twist,  from  0  to  4*652  in  88*548 ;  number  of  grooves,  3 ; 

width,  1*919  in. ;  depth,  0*2363  in. ;   weight  of  shot,  69*5  lbs. ; 

length,  14*05  in. ;   diame> 

ter,  6*36  in. ;   diameter  of 

powder-chamber,  4*66  in.; 

bursting  charge,  5  lbs.  6 

oz.  (592). 

ffl7.  The  old  6-in.  24 
pounder,  of  4400  lbs.  weight, 
is  rifled  to  carry  53-lb.  pro- 
jectiles with  a  5-lb.  2-oz. 
charge. 

518.  The  old  3a-poun- 
der,*  of  6*5-in.  bore  and 
8239  lbs.  weight,  is  hooped 
with  steel,  and  rifled  to 
carry  99-lb.  projectiles,  with 
charges  of  Tf  lbs.  to  26  lbs. 
The  rifling  and  the  present 
stad  of  this  gun  are  shown, 
foil  size,  by  Fig.  199.  The 
hooped  Canon  de  80  is  the 
standard  French  naval  gun. 

ffl9.  It  will  be  observed 
that  a  considerable  windage 
is  allowed  in  French  guns. 
The  object  of  this  practice, 
which  is  directly  opposed 
to  the  Armstrong  practice, 
will  be  considered  in  an- 
other section.    (647,  note). 

S90.  The  regular  French  bronze  field-gun.  Fig.  198,  has  the 
calibre  of  the  old  4-pounder — 3*4  inches ;  it  weighs  730  lbs.,  and 
fires  an  8*8-lb.  projectile,  with  a  charge  of  1  lb.  3  oz. ;  bursting 


Frenoh  shell 


*  ThiB  gun  U  minuteljr  described  in  Chapter  L    (84.) 
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French  fleld-fun,  Boanled.     (From  %  photofnuph.) 
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charge  of  ahell,  7  oz.    The  mountain  howitzer,  a  shorter  gun,  naes 
the  same  ammunition. 

The  old  12-pounder,  when  rifled,  ia  called  a  gim  of  reserve.    Its 


Present  French  groove  and  stud,  Canoft  de  30,  full  sise. 

particulars  are : — Bore,  4f  in. ;  weight,  1850  lbs. ;  chaige,  2*2  lbs. ; 
weight  of  shell,  25*3  lbs. 

931.  AusTBiAK. — ^The  Austrians,  having  experimented  with 
both  the  compressive  system  and  the  centering  system,  decided 
on  the  latter,  substantially  in  the  form  used  by  the  French.  More 
recently  they  have  introduced  the  system  illustrated  by  Figs.  200 
to  203,  as  specially  adapted  to  gun-cotton,  a  material  now  entirely 
substituted  for  gunpowder  in  the  Austrian  service.  (See  Appen- 
dix.) Fig.  203  is  a  cross-section  of  the  3-in.  field-gun.  The  bore 
is  spiral  in  section,  increasing  in  diameter  from  the  point  a.  The 
land  acis  the  bearing  side  going  in,  and  all  the  rest  of  the  bore  is 
the  bearing  side  which  rotates  the  shot  coming  out.  The  cast-iron 
projectile  d  dj  Fig.  200  (longitudinal  section),  and  Fig.  201  (cross- 
section),  is  covered  with  the  soft  metal  coating  e  f,  which  enters 
the  gun  freely  when  the  projection  h  bears  against  the  land  a  c, 
but  which,  as  the  shot  comes  out,  is  compressed  by  the  spiral 
bore  and  shuts  off  the  windage.  To  prevent  the  shot  jamming 
in  the  bore,  three  grooves,  k  m  n,  are  introduced  to  receive 
corresponding  ribs  on  the  shot.  But  the  shot  is  centred  and 
rotated  coming  out,  by  the  whole  circumference  of  the  bore  as 
well  as  by  these  three  grooves.  Fig.  202  represents  the  fiise 
used  with  the  shell. 

«I39«  Thk  Bussians  have  adopted  the  French  rifling  for  heavy 
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Fie.  200. 


Fio.  201. 


Flo.  208. 


FlO.  202. 


AuitriAD  rifl^,  BheU  And  taat  for  gun-cottoo. 
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FlQ.  204. 


o: 


..iei.. 


Russiaa  studded  rifle-shelL 


ordnanoei  and  have  provided  themaelves  with  machinery  for 
grooving  gnns  without  dismoanting  them.  It  is  stated  that  their 
cast-iron  56-ponnders  and  120- 
ponnders  are  to  be  hooped  and 
rifled  with  three  grooves.  "The 
KofisianB  had  rifled  several  of 
their  smaller  fortress-guns  (30- 
pounders  and  24-pounder8)  with 
six  grooves,  and  their  field-pieces 
have  been  mostly  rifled  in  a  simi- 
lar manner;  but,  instead  of  placing  the  studs  in  pairs,  and  having 
twelve  of  them,  they  use  only  six  placed  alternately.  Their 
rifling  has  an  equal  twist,  and  the  grooves  are  slightly  narrowed 
at  the  bottom.  In  the  field-piece  they  are  sloped  oflf  on  one  side 
to  allow  the  projectile,  the  bearings  of  which  are  also  sloped  ofi*, 
to  wedge  itself  tightly;  but  these  slight  modifications,  which 
have  been  also  tried  in  France,  possess  no  advantage  over  the  fit- 
tings adopted  for  the  French  service,"* 

593.  More  recently,  the  Bussians  have  adopted  the  Armstrong 
shunt  system  of  rifling  with  their  steel  ordnance.    This  will  be 


FlO.  206. 


Fie.  2oe. 


Seotion  of  Hg.  204. 


RuBsiaii  rifle-groove. 


Illustrated,  as  used  in  England  and  in  Russia,  in  another  section 
(552). 

A34.  The  Spakiabdb  have  modified  the  F^nch  system  by 
adopting  a  uniform  twist,  and  placing  the  studs  upon  the  projec- 
tile in  pairs  (Figs.  207  and  209).     Three  grooves  are  used ;  the 


*  Com.  Soott    Joonial  Royal  U.  Servioe  Inst,  April,  1862. 
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cast-iron  guns  are  reinforced  with  hoops  having  definite  initial 
tension. 

S9S.  The  failure  of  the  Cavalli  and  Wahrendorf  breech-load- 
ing apparatus  for  heavy  guns,  in  Sardinia,  led  to  the  abandon- 


FiQ.  307. 


Fm.  ao9. 


Section  of  Spanish  gun. 


Spntoh  aheU. 


ment  of  the  compression  system,  and  the  adoption  of  the  Fraich 
rifling  and  projectiles.  A  similar  failure  of  the  Armstrong  breech- 
loader is  anticipated,  if  not  quite  realized,  in  England.  In  that 
event,  the  compression  system,  which  depends  upon  loading  at 
the  rear  end  of  the  bore,  would  of  course  be  abandoned. 

JI96.  In  Sweden,  Holland,  and  Portugal — in  fact,  on  the  Con- 
tinent generally,  excepting  in  Prussia  and  Belgium,  centering  the 
projectile,  on  the  French  plan,  has  been  adopted  for  rifled  ordnance. 
It  has  also  been  adopted  in  England,  with  a  little  modification  (see 
shunt-rifling),  for  the  Armstrong  10^  and  13-in.  rifles,  for  experi- 
mental 70  and  12-pounders,  and  for  other  experimental  gnna. 

j|37.  Lancaster. — Another  plan  of  centering  the  shot  is  that 
of  Mr.  Charles  Lancaster  (Fig.  210),  used,  with  partial  success,  by 
the  English  in  the  Crimea,  and  since  made  the  subject  of  many 
costly  experiments.  The  gun  is  rifled  with  two  rounded  grooves, 
each  half  the  circumference  in  width,  so  that  the  cross-section  of 
the  bore  is  ovaL    Only  a  tnu^  of  the  original  bore  is  left  at  iti 
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Fio.  210. 


minor  axia.  The  major  axis  in  the  S2-pounder  is  6*97  in.,  and  the 
minor  axis  6*37  in.,  so  that,  considered  as  a  two-grooved  rifle,  the 
grooves  are  -3  inch  deep  at  their 
centres.  The  pitch  of  the  rifling 
is  one  torn  in  30  feet.  The  ear- 
lier projectiles,  viz.,  those  sent  to 
the  Crimea,  were  made  of  wronght 
iron,  simply  oval,  bat  without 
any  rifle-twist  upon  them;  but 
more  recently  the  shot  have  been 
bent  to  the  shape  of  the  bore ; 
some  of  these  had  a  wrought-iron 
easing  put  over  a  cast-iron  projec- 
tile, and  this,  projecting  4  inches 
to  the  rear,  carried  a  lubricant 
whidi  the  wooden  wedges  at  the 

bottom  sent  out  while  expanding  the  casing  so  as  to  fill  the  bore. 
The  weight  of  this  projectile  was  44  lbs.,  and  its  capacity  for 
bursting  charge,  4}  lbs.  It  was  thick  in  the  rear,  and  thin  in  the 
front,  tapering  to  a  point. 

938.  The  Lancaster  sheU  (Fig.  211),  fired  in  the  competitive 


Lancaster*!  rifling. 


Fio.  211. 


Lancaster  cast-iron  shelL 
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trials  of  1861,  with  6  lbs.  of  powder,  from  a  cast-iron  82-poauder, 
was  in  length,  11 '9  in. ;  diameter  (major),  6*90  in.,  (minor)  6'32 
in. ;  weight,  46*5  lbs. ;  diameter  of  powder-chamber  4*59  in.  The 
bursting  charge  is  4  lbs.  7  oz.  (592).  The  rifling  of  the  earlier  gons 
had  an  increasing  pitch.     The  present  guns  have  a  regular  twist. 

899.  The  wrought-iron  Lancaster  gun,  recently  making  at 
Woolwich  for  trial,  with  other  7-inch  guns  rifled  on  difierent  plans, 
has  a  major  axis  of  7*6  and  a  minor  axis  of  7  inches. 

830.  Haddan. — Mr.  Haddan's  plan  of  centering  against  the 

bore  is  illustrated  by  Figs.   212  to  214.     The  rifling  consists 

of  3  lartre  and  shallow  ellipti- 
Fio.  212.  ^  .      ,  ^ 

cal  grooves,  which  in  the  earlier 

forms  were  about  ^  in.  deep  and 

took  away  nearly  two-thirds  of 

the  surface  of  the  bore.     In  the 

competitive  trials  of  1861,  Mr. 

Haddan^s  grooves  were  0*15  in. 

deep,  and  3*4  in.  wide.    The  twist 

was  1  turn  in  25  feet. 

The  projectile  is  rotated  by  8 

wings  formed  upon  the  front  of 

the  shot,  straight  with  its  axis. 

In  the  earlier  projectiles  (Fig. 

214)  the  rear  tapered,  and  had  a  shoulder  for  the  ring-wad  a  ci  to 

stop  the  windage.    The  later  projectiles  have  merely  a  wooden 

sabot.     As  the  wings  are  on  the  frt>nt  part  of  the  projectile,  the 

rifling  is  carried  only  to  within  one  calibre  of  the  powder-chamber, 

and  hence  is  not  a  source  of  weakness  at  that  point. 

The  projectile  (Fig.  213)  for  a  32-pounder  bore,  as  used  in  the 

trial  of  1861,  was  11*95  in.  long,  and  6*20  in.  in  diameter;  weight, 

51  lbs. ;  diameter  of  powder-chamber,  4  in. ;  bursting  charge,  3  Iba. 

6  oz. ;  charire,  7  lbs.  from  a  cast-iron  gun  (592). 

531.  Whttworth. — ^Mr.  Whitworth's  system  of  rifling  (Figs. 

215  to  219)  is  known,  in  the  smaller  ordnance,  as  the  hexagonal 

system.     A  larger  number  of  sides  have  been  experimented  with 

in  various  ways  (664).     Fig.  219  is  a  full-sized  section  of  part  of  a 


Haddan*8  rifling. 
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Whitworth  bore  and  TO-pounder  projectile,  showing  that  what  is 
called  a  ^'  flat"  of  the  gun  is  not  a  plane  surface,  but  a  double 


FlQ,  213. 


Haddan*B  projectile. 

incline  with  the  apex  inward.     This  formation  facilitates  loading, 
but  its  principal  and  very  important  use  is  to  give  the  shot  so  much 


Fio.  214. 


Haddan'a  prqjeotile  for  wood  sabot 

bearing  that  it  will  not  cut  into  the  gun.  A  hexagonal  bolt  re- 
volved on  its  axis  within  a  slightly  larger  hexagonal  orifice,  woidd 
not  bear  upon  its  sides,  but  only  upon  its  six  comers.  The  points 
of  contact  would  be  mere  lines.  The  bore  must  be  slightly  larger 
than   the  projectile,  to  allow  easy  loading  when   the   gun   is 
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FlQ.  215. 


fouL*     111  Fig.  219,  while  the  face  a  e  oi  the  shot  is  flat,  the  face 
de  oi  the  gun  is  so  inclined  that  the  shot,  in  coming  out,  will  bear 

upon  the  whole  of  it,  as  shown. 
If  the  face  aeoi  the  bore  was  also 
plain,  the  shot  would  bear  only 
on  the  comers  ^,  J,  &c.  The 
gaining  twist  is  obviously  im- 
practicable with  this  form  of 
rifling. 

933«  The  projectile  is  first 
turned  truly  cylindrical ;  its  flats 
are  then  planed  by  a  special  ma- 
chine-tool, at  the  cost,  for  the  12* 
prs.,  of  10  cents  per  dozen ;  this 
is  to  bo  reduced  to  6  cents.^ 
For  range,  Mr.  Whitworth  uses  a  projectile  3  calibres  in  di- 
ameter ;  for  punching,  a  shorter  shot,  to  save  weight,  and  thus 
secure  a  high  velocity. 

Fio.  216. 


Whitworth's  rifling. 


Whitworth*8  short  round-fronted  shot 

The  cartridge  for  the  breech-loader  is  made  of  tinned  iron, 
shaped  to  fit  the  rifled  bore ;  the  powder  is  retained  in  it  by  the 

*  In  his  patent  of  April  23,  1865,  for  projectileB,  Mr.  Whitworth  specifies  that  they 
are  cut  so  as  to  exacUyfit  the  hore  of  the  gun. 

f  The  value  of  the  self-acting  machinery  for  shaping  the  rifled-cannon  projectiles, 
would  be  about  £500,  to  enable  a  workman  to  produce  the  shot  at  such  a  rate,  as  that 
the  cost  should  not  exceed  one  penny  per  i^ot,  for  wages  only. — Mr,  Wkihoorth, 
"  Oofutntctiono/  Artillery^"  Inst,  OivU  Enginetra^  1860. 
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Fia.  217. 


Wbitworth*8  long  round-fh>nted  Bhot 


lubricating  wad,  which  is  placed  in  the  open  end.     This  wad  is 

composed  of  wax  and  tallow,  and  when  the  explosion  takes  place 

it  is  melted  and  driven  through  the  gun,  lubricating  the  bore  so 

thoroughly  that,  with  a  good 

quality   of  powder,   the  gun 

may  be  fired  for  a  long  time 

without  sponging. 

SSS.  The  Whitworth  shell, 

fired    with    25    lbs.    powder 

through   the   Warrior  target 

at  800  yards,  Sept.  25,  1862,  was  17  inches  long,  6'4  in.  across 

the  flats,  and  7  in.  across  the  comers.     It  weighed  130  lbs.  and 

held  a  bursting  charge  of  3 
^^-  ^^®-  lbs.  8  oz.    The  shell  fired  with 

27  lbs.  of  powder,  through  the 
Minotaur  5i-inch  plate,  and 
burst  in  the  backing  of  the 
target,  at  800  yards  range, 
Nov.  13th,  1862,  was  20^  in. 

long,  6*4  in.  across  the  flats,  and  7  in.  across  the  comers.     It 

weighed  151  lbs.  and  held  a  5-lb.  bursting  charge.     The  70-lb. 

FlQ.  219. 


Whitworth'8  flat-fronted  prcjectOe. 


\ 


Pun-sized  section  of  Whitworth's  70-Ib.  shot  and  rifling. 

cast-iron  shell  is  15^  in.  long,  5  in.  in  diameter  in  the  middle, 
4  in.  at  the  rear,  and  If  in.  at  the  front.  Its  thickness,  in  the 
middle,  is  1  in.  The  powder-chamber  is  12  in.  long,  and  3  in.  in 
diameter. 


■1 

4^ 
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Table  LXXVII^— Experimental  Praotioe.     Whitwobth  BuaoH-LOADiiro 

SO-POUMDEB.      8OUTBPORT,  JULT  26  AKD  26,  1860. 


Weight  of  gun go  cwt  oo  Ibt. 

Length 10  feet. 

Diameter  of  bore 510.  and  5*410. 

No.  of  grooYCi 6. 

Twift I  turn  in  8  ft.  4  in 

Charge 12  Ibt. 


Asia  of  gnn  aboYc  plane..... 3  ft.  ft^t 

Gun  mounted  on  heavy  ahip-car- 
riage;  platform  partly  horisoo- 
tal  and  partly  inclined I  ia  6. 

No  difficulty  in  loading. 

No  escape  of  gaa  percepdble. 


No.  of 

rounds 

fired. 

EleTa- 

tlOD. 

BmoII, 
average. 

Projectile. 

Or^atest 
Ume  of 
flight 

Leaat 

time  of 
flight 

Mean 

range,  lat 

graie. 

Mean 

Left 

lieu 

Natura. 

Weight 

Right 

dCgTMli 

In. 

Iba. 

•ecoDds. 

•ecoDda. 

yards. 

feet 

fcM. 

lOI 

•hot 

70 

2* 

16 

760 

26 

104*6 

•hell 

55 

2.25 

1*9 

967 

2 

3 

M3-5 

shot 

70 

3-75 

3- 

1297 

1 

1 

ii6*4 

•hell 

55 

3-75 

3- 

1494 

5 

4-> 

lIO*2 

shot 

70 

46 

4- 

1786 

a'4 

3-4 

Table  LXXYITI.— Ranges  of  Whitworth  Riplbd  Qck&^ 


Weight    Diam. 
of  pro-  I  acroes 
Jeetile.  ;the  flats. 

Charge 

of 
powder. 

InttUI 
velocity. 

Number  of 
per  second.! 

Aetoal 
range. 

ranga 

Iba.          in. 

In. 

ft  per  sec. 

degreec 

feet 

fcet 

3 

4707 

555« 

3 

i| 

72 

40 

1 

; 

80a. 

1300 

400    - 

10 
20 

12567 
20970 

18300 
345<» 

ij      3S 

28740 

49*00 

2 

375* 

3T»o 

12 

3t 

,s 

60 

28  OS. 

1300 

260   ' 

5 

1 

5 

6960 
11739 

77** 

9210 

1S300 

80 

5 

118 

100 

1 

,2  1b.. 

1300 

156    - 

!     7 

10 

1 

10476  * 
13665 

12900 
1S300 

•  •'CoBilrwtlon  of  ArttUeryr  last  Ovtt  XnglaMn^  IflflOL 
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SS4.  The  particnlarB  and  charges  of  the  Whitworth  guns  and 
projectilea  have  been  given  in  Table  8.  The  practice  for  range  and 
accoracj  is  given  in  Tables  77, 78,  and  81.  A  competitive  trial  of 
Armstrong  and  Whitworth  12-poanderB  and  70-poanderB  is  now  in 
progress.  In  Mr.  Wliitworth's  guns  for  this  trial,  the  outer  bear- 
ing edges  of  the  rifling  have  been  so  modified  as  to  more  nearly 
resemble  6  rounded  grooves.* 

S9S*  Scott. — The  "  centrical"  system  of  Commander  Scott, 

Fig.  220. 


Fto.  221. 


Soott*8  rifling. 

illustrated  by  Figs.  220  to  223,  was  laid  before  the  British  War 
Department  in  1849.     "  The  rifling  is  called  *  centrical'  from  the 

*  Noofficuil  report  has  been  made  as  to  the  trials  lately  in  progress,  at  ShoebiUTness, 
of  the  12-pounder  and  70-pounder  Whitworth  muzzle-loading  guns,  and  the  Armstrong 
breedi-loading  and  shunt  12-ponnder  and  70-pounder  guns. 

The  Army  and  Navy  Gazette  of  April  9th,  1864,  states  that  up  to  900  yards  range 
the  Whitworth  12-pounder  had  a  slight  adyantage  in  ruige,  and  that  it  put  every  shot 
into  a  bull's  eye  one  foot  in  diameter,  at  300  yards.  At  1300  yards  the  Whitworth 
still  had  a  slight  advantage.  The  breech-loading  Armstrong  gun  was  inferior  in  all 
re^iecu  to  the  other  guns.  The  Engineer  of  April  22d,  1864,  says  that  each  gun  had 
fired  600  of  the  3000  rounds  assigned,  and  that  at  1600  yards  the  Whitworth  gun  fired 
10  shots  with  a  lateral  deviation  of  only  5  inches,  but  that  the  shots  fell  short  or  went 
over  a  wall  8^  feet  high  at  1100  yards.  The  Armstrong  projectiles  were  more  accu- 
rate in  this  particular.  '*  The  Armstrong  shell  shows  a  superiority  in  cutting  up  abat- 
tis  or  earthworks.'*  All  the  guns  are  constructed  of  mild  steeL  Ilxe  Whitworth  rifling 
has  been  considerably  altered  from  the  original  hexagonal  form.  The  Armstrong 
shunt  rifling  has  also  been  changed,  and  now  resembles  the  French.  The  rifling  of 
both  these  guns  is  thus  on  the  centering  system. 

The  lO-pounders  are  ready  for  trial,  but  their  test  had  not  commenced. 
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peculiar  mode  of  centering  its  simple  iron  projectile,  which,  in- 
stead of  inclining  towards  the  bottom  of  the  bore  in  its  passage 

Fig.  2S2. 


FlO.  383. 


^KV^.CXss. 


Soott'i  groove  aod  rib. 


FnU-flised  section  Soott'i  rifliqg;  pn^feotUe  lesTing  the  gun. 

ont,  is  centered  on  its  rounded  bearings,  without  jar  by  the  first 
pressure  of  the  elastic  fluid.    Tliis  is  effected  bj  the  peculiar 
curves  of  the  shoulders  of  the  3  grooves  (Fig.  223),  which  incline 
towards  the  centre  of  the  bore,  and 
thus  form  8  rails  for  the  projectiles  to 
slide  out  upon  without  being  compressed 
or  strained.'^ 

ff36«  In  case  of  large  calibres  with 
heavy  projectiles,  a  shallow  shoulder 
(Figs.  221  and  222)  is  Uken  out  for  the 
shot  to  turn  against  in  loading. 

037.  The  following  are  the  particulars  of  the  rifling  and  shell 
(Fig.  224)  used  in  a  32-pouuder  cast-iron  gun,  with  5*5  lbs.  and 
6  lbs.  of  powder,  in  the  trials  of  1861 : — ^Twist,  1  in  48  ft. ;  num- 
ber of  grooves,  8  ;  width  1*7  in. ;  depth,  0*20  in. ;  weight  of  shell 
89  lbs. ;  length,  11*88  in. ;  diameter,  6*28  in. ;  diameter  of  powder- 
chamber,  4*42  in. ;  bursting  charge,  4  lbs.  13  oz.     (592.) 

ff38.  Ltnall  Thomas. — Mr.  Thomas's  first  system  resembled 
the  Ilotchkiss  expansion  system  (566).  His  present  rifling  con- 
sists merely  in  leaving  three  or  more  very  narrow  lands  and  the 
same  number  of  very  wide  grooves  in  the  gan.  Projections 
are  planed  in  the  shot  to  correspond  with  the  lands.  At  first 
sight,  the  system  closely  resembles  Commander  Scott's  (535)1  ex- 
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cept  that  the  grooves  are  made  in  the  shot  and  the  projections  in 
the  gun.  But  it  will  be  observed  tliat  Commander  Scott's  grooves 
are  so  rounded  as  to  gradually  lift  the  shot  and  hold  it  in  .the 


Fkl  224 


Scott*8  shell. 


centre  of  the  bore,  and  that  spherical  shot  cannot  be  fired  from 
Mr.  Thomas's  gun  without  injuring  the  three  narrow  lands,  and 
without  some  very  strong  and  cumbrous  arrangement  to  stop  the 
excessive  windage.  The  lands  are  also  in  the  way  of  loading  the 
powder  easily  and  rapidly. 

SS9.  A  9-in.  gun,  fabricated  on  the  Armstrong  plan,  was  tried 
at  Shoeburyness  on  the  20th  of  November,  1863,  with  results 
given  in  Table  79. 

Mr.  Thomas  attributes  the  comparative  inaccuracy  of  the  firing* 
to  the  stripping  of  the  zinc  bearings  with  which  the  grooves  of  the 
shot  were  surfaced. 

«MO.  Sawyer. — The  Sawyer  projectile,  considerably  used  in 
the  United  States  Army  (Figs.  225  and  226),  is  cast  with  projec- 
tions corresponding  with  and  slightly  smaller  than  the  grooves  in 
the  gun.  Instead  of  being  dressed,  like  Scott's  and  Whitworth's, 
to  bear  upon  the  lands,  the  whole  cylindrical  part  of  the  projec- 


^  Letter  to  Army  and  Navy  Oagette,  Dec  5th,  1863. 
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Tabls  LXXIX.— Ravqb  and  Dbtlbotioh  of  Ltvall  Thomab*8  9-IjroB  Guv. 

SHOKBUBTNnS,   NOT.  SO,   1863. 
Weight  of  shot  (3  calibres),  300  Ibt.  {  Charge,  40  Ibt. ;  Windage,  -f^  in. 
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14 

M 
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15 
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Deflection,  yda. 


Left 


1-6 


I  •! 
2*2 


Bight 


>-4 
•  8 


2.6 
4.0 
i*o 
80 
i*o 
9-4 
a-4 
3.0 


Bound. 


16 

17 
18 

19 
20 
21 

22 
»3 

»5 
26 
27 
28 
29 


5' 


i>t 
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2042 
2123 

«945 
2161 

2095 

3635 
3768 

3775 
3795 
3921 
4007 

35^ 
3863 
3680 

373« 


Deflection,  jda. 


Left 


Right 


3-4 
4.0 
6.4 

1*2 

60 
33.0 

|8*4 
14*0 
7-8 
19*0 
19*2 
27*0 
21 -o 
13*0 
13*6 


tile  is  then  covered  with  a  composition  of  lead  and  tin,  cast  on. 
The  soft  metal  extends  J-  inch  below  the  base  of  the  cast  iron 


Fig.  226. 


Fig.  236. 


Tb*  Sawyer  SheU. 


RiFLLNO    AND   PROJECTILES.  451 

(which  is  Blightly  chamfcitHl),  80  aa  to  l)o  sufficiently  conipretiw<l 
bj  the  powdergas  to  stop  the  windage. 

This  principle  of  construction  is  of  course  applicable  to  any 
form  of  rifling,  but  has  only  been  applied  to  the  standard  Ameri- 
can groove  (560). 

XMil.  Patti^uin's  projectile  (Figs.  227  and  228)  has  projections 

Pia  137.  Flo.  128. 


PBUi«Qe*i  prq^ectfls.     hflCtm  bud. 

caftt  njH.n  it  to  fit  the  rounded  groov<^  of  the  gun.  The  windage 
is  sti)p|M><l  by  a  simple  leather  bar  d,  c  r,  which  is  driven  U|M»n 
the  conical  bam»  of  the  shot  by  the  i>owder-gas.  Tliis  projectile 
has  l>eon  umnI  with  M>me  succct^  ex|>erimentally,  but  has  not  been 
a4lopte<l  in  the  bcrx  ice. 

M9.  Tlic  Arnifttning  *^  Shunt^  rifling  is  a  mcMlificatiim  of  l)oth 
the  c<*ntoring  and  the  coinprcr«-«ing  8y^tems,  and  will  be  conbidenNl 
under  the  latter  hrad.* 

ff43.  Tlie  C^MMprrirtag  lljrsieai« — With  this  system  the 
hhot  i«  larpT  than  the  Inirc,  and  is  S4|UcTxed  or  planetl  to  fit 
the  lK>re  by  the  lamU  of  the  riflin;;.  The  ithot  miint  tln'n»loro  Ik5 
entoretl  at  the  bnM*<'h,  int4)  a  cliainher  largrr  than  the  Tv>i  of  the 
bore ;  and  whatever  eM-ajKS  of  gan  there  may  Ik?  around  the  brw't'h- 
clohing  ap{>aratns  nnhKH's  its  range  and  velocity. 

ff44«  Tills  plan  wiiA  early  a<lopte<l  and  |M*rfected  by  the  Pru^- 
sians,  who  ohtain<Nl  gn»iit  aeeunu'V  and  rang<»  with  eharg«'M  of  ^i^ 
the  weight  of  the  proj««i'tile.  The  rifling  eonhi«*ti'<l  «»f  numerous 
slialhiw  nvtangiilar  gr«>oves  TFig.  2l'lh.  Tlie  ^hot  wa*  eneircle*! 
by  4  rounder]  lea<l  bands  or  h<Mi|M  (Fig.  234 »),  held  in  placx*  by 
gnNivc^  in  the  shot. 

*  As  flBoM  rvoent^  Aodifled,  tikis  is  •  oeou>riaf  \0r^ifp<\.\«*,  with  Utile  of  do 
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tS4US,  Abmstbong. — ^The  Armstrong  fiystem  of  rifling  for  breech- 
loaders does  not  differ  in  principle  from,  and  was  subsequent  to, 
the  Prussian  compression  sys- 
tem last  mentioned.   The  rifling  ^<*«  *29. 
consists  of  a  great  number  of 
shallow,  narrow  grooves — (the 
7-in.  110-pounder  has  76 — see 
tables  1  and  2) — the  object  being 
to  give  the  soft  metal  covering 
of  the  shot  a  very  large  bearing 

on  the  driving  side  of  the  grooves,  and  tlms  prevent  stripping,  and 
make  up  for  want  of  depth.    The  different  forms  of  grooves  that 


Early  Prufltiaa  rifling. 


_ 

Fia.  230. 



■  1 

■  1 

"a 

1       '' 

1 
iM4 

r 

1         1 

! 

1 

Nm4 

T  " 

Early  PnusUui  lead-ooated  ihot 

have  been  tried  are  shown  by  Figs.  231  to  233.  The  grooves  of 
the  6-pounder  and  12-pounder  are  shown,  4  times  enlarged,  by 
Figs.  234  and  235. 


Fio.  231. 


FlO.  232. 


Original  Armstrong  rifling. 


Adopted  ArmslroDg  groove. 


ff46.  Tlie  shot-chamber  of  the  gun  is  about  |  in.  larger  in 
diameter  than  the  adjacent  part  of  the  bore,  so  that  the  shot  can 
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FlO.  233. 


Ik?  easily  entercnl  from  the  rear.  Thifl  is  illustratetl  hy  Fip.  230. 
Tlie  actual  dianictcrs  for  the  llO-pouiuler  are — ()]>ening  tlirouirh 
the  hreivh-hcrew,  7'12  in. ;  powder- 
chatnl>er,  7 '2  in. ;  fihot-chaniber,  7*075 
in. ;  Uiro,  7  in.  From  a  jKiint  a  few 
inchi'S  in  fn»nt  of  the  tilu>t-<'haniber  to 
a  |M>int  near  the  maule,  tlie  Inire  is 
«*nlttr<re<l  to  7'iHK};  the  ohjet't  beinp, 
Ut,  t(i  mould  the  lead  eovmn^  of  tlie  hhot  at  the  firht  in>taut 
of  motion,  and  to  give  it  frivd(»ni  in  pa^^sing  through  the  remain- 
der i>f  the  Inire ;  2d,  to  centre  tlic  shot  as  it  is  leaving  the  mujczle. 

Fio.  234. 


Annstroog  gnutw  of  iHiil. 


■..^ 


Via.  235. 


^^^ 


PlOA.  334  and  ..i^ — .\  rmntrtrnff  6  and  12- Pr.  ritlixiir.  4  limeii  enUrigcd. 

ff47«  Tlie  {>artieularii  o(  the  AnnMn>ng  rifling  and  projec*tilea 
have  U*<*n  given  in  Tahh*s  1  and  2,  and  in  the  descriptions  of  dif- 
ferent gun%  (*hapter  I.*  The  rangi*s  of  M*veral  guns  are  given 
iu  folliiwing  Tables. 


•F**  l.i-a\r  trinii,  t).t«  ny-irni  of  r\t\.tijt  mu'\  pnij^-oiilf*  w^m*  Uy  l«r  (r«»iMir  otit  <«f 
•t«r  N»  w-n  Arm«trrinj(  jr  .n^^  »s!l»  iJ..«  r.*..Uif,  h.no  U^n  f.4hn«'-i?«'«l  ^.U'-o  tl.o 
biiT  n*#  f»/  «if  I  ••♦.I  Tj.<«  .I*-"*/  «•»../  A'-  .  <*  u^r/'',  tif  Jm,**  4,  l*»»»l.  •»j*«k.nir  (»f  •»|i»'r« 
•'..i>ti«  At  WtaJMHri,  *,i\n:  "in  iLo  L  •  ra.pn.  t>i<»  Wfri^tmn  fen*  |ir* ;  tr.n^  I  iiu.>n* 
•»  .K  i«»,r»  *>  f  If*'  •,/  •t«u  mi  ft«r  il»«»  7o.|.  .1,  ii  r«  and  l»x»n».  jir.;.-  {!•«.«).  *.  ur%  u*  Ik» 
»•  >  ••  I  .*««*|  t<>f  itto«tf>  iif  litKlii  «!  u'M.  ti'tfi  in  ili«*  iMTtiix*.  In  tj««'  tf>.!i  !.Mtor:r«,  Uio 
i:.«rj.  aft'  l»-i»i  .}  rri.'  l'ivi<!  tn  «*«iti%«  rt  .,f  !lf»  !«ri'0«lil«>».s  iijf  oi.I  7«'  }■■  :t  1  r«  f  I41  r*  »/• 
i.'-:i«f)rr«.  •  •  •  "Pj  r  ar-  »!•«>  j-r  Min-i '  •  'M  lin-^M-h  |i'.>.n  ■  f..r  ••  i»  |  in.;«.iiii. !<*•>• 
»:-  ».  an*  »nli*t»<l  d  U)  t4*o  t;  o  j..j.*»  of  l..i»  |  ffTrm  ti  iit-|»«<«'«  «  "*  T'«»  To  imttttdf  r% 
and  th«*  !o«i|M>«iii<lir«.  « .X  '.!•'!•  i^*  «-<*ii%it1'-1  .ut'>  ti<  i/«4«*  •.•%*•!■  r«.  wh.  ..  w.II  |»r«%«iit 

Oil  If...  |..iii  <if  A'».:'i«U  U.«  »*iiH«  Ahthoritx  •4T«:  -W©  u»d«T«utKl  thai  1)a*  f'.'th.  r 
nuM«t.fAii.irr  of  l"0-.b  l<'ad-(>w(«'i|  Ah'tt  fi»r  i.*^  \m.«tn>ti,r  hm « h  .(«d4*r<  ).&«  )«<«  ti 
•t  ;■•  1  ««  It  U  in  ciM.trinpUtHiO  to  <v<nvfrt  ti.«*  ir -d«  -oif*  niii//>  Ui»lr''«.  fir  r.if  ififi* 
*•  .«l«»d  •'"it,  •»  f'ti  •  U^  TO-fiiiir.d<T«  iK)w  :o  |.r  ■v««  of  <t9i]ver*i<»n  fnitn  brpt^h- 
•'••■|>ra  art  nm^hcvi." 
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548.  The  practice 
with  the  Armstrong 
llO-pounder  rifle  gives 
the  following  averages : 


tlcv^iian. 10*" 

Chvge 11  Ibc. 

Meaji  finge  (yards) 5587 

Mt^n  dllference  of  range 61*48 

Mean  deflection 4*18 

With  J 6  Ibt.  charge,  at  lo**,  the  range 
•vcr^itci  4139  yards. 

.1 1».  The  projectile  (Figs.  236 
ti>  '239)  is  of  cast  iron,  coated 
with  lead  alloyed  with  tin,  to 
hnrden  it  This  soft  metal  cov- 
ering was  formerly  kept  in  place 
by  grooves,  encircling  the  shot 
(Fig,  237).  It  is  now  soldered  to 
tikO  cylindrical  part  of  the  shot, 
which  is  turned  smooth,  by  a 
zinc  solder,  invented  by  Mr. 
Ba*h ley  Britten  (s8 1 ).  Thesteel 
!?liut,  however,  requires  under- 
(utiing;  the  heat  of  the  zinc 
would  draw  its  temj)er. 

In  the  earlier  shot  there  was 
an  o|>ening,  or  score,  near  the 
L'cntrc,  for  the  lead  to  strip  into, 
thct  surfaces  of  the  lead  being 
utherwise  nearly  straight ;  but, 
httcty,  the  soft  metal  has  been 
reduced  in  front,  and  the  score 
tnnde  nearer  the  base ;  which  is 
tii>\v  the  largest  part  of  the  shot 
(Fig.  237). 
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The  Bcgmeutal  BhcU  (Figs.  238  and  239)  in  intended  to 
answer  the  purposes  of  the  common  shell,  the  canister-shot,  and, 


PlO.  231. 


Armttrxmn;  lead-coated  ahol 

if  the  fiiM  is  adjui^te^I  m>  as  to  prevent  the  ignition  of  the  bursting 
charts  of  the  solid  shot ;  thus  preventing  the  risk  of  running 
short  of  either  kind  of  ammunition.*    (717.) 


Fm.  tss. 


Xfwmnyr.^  vrgniaotal  ahdL 

SSI.  The  cartrid^**  for  the  Armstrong  1  lO-jumndcT  are  i^hfiwn 
bj  Fig**.  240  to  242.     As  tlie  <-artridge  must  fill  the  jMiwder-chain- 
^  This  abea  wm  flm  palMtcd  bf  a  Mr.  HoUawi,  In  1HS4. 
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Table  LXXXI— Bxpebdcbntal    Practick.      Abmstbovg  Brbboh-Loaddto 
12-pox7kdsr.    sh0eburtnb88,  april  2,  1861. 

Height  of  axis  of  Qan  aboTe  plana,  8^  feet 

'  Nature,  AEMtTBoxu't  B.  L.  12-Pdr.  Qon,  No.  ft.  Baromet«r,  W'T. 

cwL      are.       Ibc  Wind,  8<ratb— S. 

Weight 8  «  11 

Ordnance Length 7|  feet  DIrMtlon  ) 

Diameter  of  Bore ....  8  iochea.  of  Wind,  f 

Spirel,  if  rifled,  1  turn  in  88  calibrva. 

.  Oroovea,  Number  8a    Width,  0*  16  inchca.    Depth,  0*05  Inchea. 
Nature  and  object  of  the  Experiment— To  ascertain  the  Range,  Ac,  of  Armatrong*a  Braech-kwdlaf 
19-Pdr.  Iron  Onn,  in  comparison  with  Whitworth's  Breech-loading  IS-Pdr. 

Programme  reociTed,  2Sth  March.    Stores  reoeired,  8d  April,  1861.    Minute  Now  8tt&. 


J 

M 

•J 

n 

it 

1 

! 

h 

n 

DeflecUon. 

i 

1 

BemarU. 

lbs. 

deg. 

feet 

IbC 

mean. 

BcratlfK 

7^ 

Si. 

yds. 

yds. 

«-75 

a 

g.o 

11 

1239 

41 

... 

3d  ApriL 

... 

... 

7»lO 

... 

1271 

... 

6i 

... 

8.0 

... 

1238 

... 

6 

... 

... 

... 

g.o 

... 

1307 

... 

4 

... 

... 

... 

8.0 

... 

1216 

1156 

4} 

... 

«-s 

... 

7-0 

... 

1 108 

... 

5i 

... 

m 

... 

7-0 

... 

"33 

... 

5 

... 

g 

... 

7.0 

... 

1 1 50 

4i 

... 

... 

70 

... 

iiai 

3 

... 

... 

7.0 

... 

"37 

1 1 30 

3i 

'•5 

5 

6.9 

... 

2134 

... 

II 

... 

2d  April. 

... 

... 

6  8 

2165 

... 

9 

... 

1  ^ 

... 

6-6 

... 

2157 

... 

8} 

... 

... 

... 

6.6 

... 

1146 

... 

loi 

... 

... 

6  6 

... 

2118 

1146 

7 

»-75 

... 

7-9 

... 

»357 

«3 

... 

Wind  increased  to  4. 

... 

... 

8.0 

... 

1331 

... 

«t^ 

... 

... 

... 

7.10 

... 

1356 

... 

II 

ig 

... 

...    S.o 
...    8.0 

... 

»35> 

Hi 

... 

... 

^399 

2360 

II 

... 

>"5 

10 

^4-6 

12 

3512 

... 

12 

.>. 

Wind  changed  and  in- 

4.8 

... 

11-4 

3576 

... 

II 

... 

created.     Squally. 

... 

4.6 

... 

... 

3593 

... 

17 

... 

... 

46 

... 

\l'.t 

3597 

12 

... 

Wind    increased    to    6, 

... 

... 

45 

... 

3563 

3S6S 

II 

... 

and  concinoed  squally. 

J-75 

... 

5.0 

3943 

... 

8 

... 

»7 

...    5.0 

... 

3898 

»3 

... 

28 

... 

...    5.0 

110 

3961 

... 

»4 

... 

a9 

... 

5» 

-  _      _ 

3866 

... 

"9 

... 

30 

... 

5'' 

... 

13-0 

3873 

3908 

21 

... 

Elevation  throughout  by  Quadrant 

The  Gun  was  mounted  on  a  TraTelling  Car^lag^  and  plac«l  on  one  of  Ll«^t-4.%*1<inel  iltrk'^ 
Platform*,  on  tho  lereL 

W«Mi»,  rhoko<l  in  the  Cartridge,  were  used  throughout  the  Practlr^. 
Th4  Secr^ary,  (Signed)  A.  J.  Taylob,  Colonel  R.  A., 

Ordnuned  Sel^  CommittM.  Chmmamdami  amd  SmptHmtrndrnt 
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Tabls  LXXXIL-— ExFimiBirrAL  Peaoticx     WBmroBTH  BmcB-LoAODro 

12-P(>rXDBR.      SuOKBUETNnBi  AfKIL  2,  1861. 


B««(bt  oT  Ml*  otiiua  m\m*it^  bUiM,  ^  tt^t. 


)  N4iurr,  Worrwuimi't  11.  L.  IS-Pdr.  Ovn,  N«k  1. 


I>lrr<d«n  i 
0t  WlnU.  f 


I  W.irtil f  «  0 

I'n.th    t»  JUl^ft^U 

I  1 ». .  urur  of  IkM«,  lli^or  ul«  «  in.  ICtftor,  S*75  In. 
I  •*(..(  aI.  If  Klflod,  1  turn  In  A5  InrbMi 
(  «tn..ir«,  Nik  -..     WUUlu  —.     iViiUi,  —V 
|latari>  in«!  «.» ■,*<•€  ••(  th.    Kip«iito«ot— To  Mrvruln  tni>  lUrc«*,  Ar^  of  Wbttwortii**  Bf«««li-kMdlnf 
)S-IMr.  lr>*r.  ««ur..  tn  rxitnpMlMiii  wtih  Anii»lri»n<*»  IlriN-rb  nittillnff  lt-l*dr. 

I'nvrBaimr  frrvWnl,  VMh  lUrch.    Mom  rrcrU(«l,  :i<l  AprtJ.     Mtnat«  N«i^  Stt& 
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Tablb  LXXIX.— Bahgb  akd  Dbflbotiok  of  Ltvall  Thoiu8*b  d-IiroB  Onv. 
Shoebubynms,  Not.  30,  1863. 

Weight  of  thot  (3  calibres),  300  Ibt.  $  Charge,  40  Ibt. ;  Windage,  -j^  in. 


Bound. 

1 

IttfHioe, 
jda. 

Deflection,  jdt. 

Boond. 

1 

"\sr 

Left 

Bight 

Left. 

RlgbL 

a* 

948 

1.6 

16 

S** 

2042 

3-4 

« 

918 

I-l 

17 

M 

2I»3 

4.0 

« 

955 

I-O 

18 

U 

1945 

6.4 

« 

1019 

1-4 

«9 

M 

2I6I 

l«2 

<« 

999 

.8 

20 

<« 

2095 

60 

«< 

958 

1.2 

21 

10" 

3635 

33-0 

M 

928 

%•% 

22 

« 

3768 

****** 

18.4 

« 

939 

2-6 

as 

U 

3775 

14.0 

(( 

971 

4.0 

*4 

M 

3795 

.       7-« 

U 

1 09  A 

I'O 

»5 

a 

39»i 

'     i9«o 

5° 

2107 

8.0 

26 

M 

4007 

19-2 

« 

1883 

1 

»7 

M 

3569 

27.0 

<« 

2073 

9-4 

28 

« 

3863 

21 'O 

M 

1958 

»-4 

»9 

« 

3680 

13-0 

(« 

2081 

3.0 

30 

<« 

373« 

13.6 

tile  is  then  covered  with  a  composition  of  lead  and  tin,  cast  on. 
The  soft  metal  extends  |  inch  below  the  base  of  the  cast  iron 


Fig.  326. 


Fig.  33S. 


The  Sawyer  SheO. 
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(which  is  dightlj  diamfcre<l),  so  aa  to  bo  sufficiently  comprcHHiHl 
bj  the  powder-ga8  to  stop  the  windage. 

This  principle  of  construction  is  of  course  applicable  to  any 
form  of  rifling,  but  has  only  been  applied  to  the  standard  Ameri- 
can groove  (560). 

041.  PattiH<»n's  projectile  (Figs.  227  and  228)  has  projections 

Pio.  127.  Fia  S38. 


P»tti80ii*s  profectlle.    LMtbtr  baod. 

cast  njMin  it  to  fit  the  rounded  grooves  of  the  gun.  Tlie  windage 
is  •t^)piHHl  by  a  simple  leather  Im'  d,  c  r,  which  is  driven  u|Hm 
the  conical  base  of  the  shot  by  the  (Hiwder-gaa.  This  projectile 
has  l>een  umh]  with  Mime  success  ex))cri mentally,  but  has  not  been 
ailopted  in  the  bcrvice. 

049.  The  Arm^tro^g  '*'  Shunt'"  rifling  is  a  modification  of  both 
the  c(*ntc*ring  and  the  (*4»inpreK.sing  systems,  and  will  be  considere<l 
under  the  latter  ht^tul.* 

04S.  Tke  C^otprrsrtBg  fl]r«t«M« — With  this  system  the 
►hot  is  larger  thun  the  Inirc,  and  is  s<juc»ezed  or  ]»laned  to  fit 
the  bore  by  the  lainlH  o(  the  riflinj:.  The  shot  muj»t  therefore  be 
entere<l  at  the  bretN-h,  into  a  chaniher  larger  than  the  rtvt  of  the 
bore ;  and  whatever  es<'a|»e  of  gas  there  may  l>e  around  the  breeeh- 
cIoi«ing  apparatus  nMluccii  its  range  and  vehicity. 

ff44.  Tliis  plan  wns  early  ailopted  and  iK»rfeeted  l»y  the  Prus- 
siams  who  ohtuine<l  gruut  atTurary  an<l  ran;fe  with  tliArg«»H  of  ^i, 
the  weight  of  the  proj«vtile.  The  rifling  conhi-ti^l  of  numerous 
slialh>w  nH*tangular  griMivc»s  H^'ig.  220 1.  Tlie  ^hot  was  encircle^! 
l>y  4  ronnfle<l  lead  bauds  or  hmiiH  (Fig.  234>k  held  in  place  by 
grooves  in  the  shot. 

*  At  mod  fBoeiiUj  aodjf^  Uiia  is  a  oeotoriiif  projerdlo.  with  buk  or  00  ooa- 
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548.  The  practice 
with  the  Armstrong 
110-ponnder  rifle  gives 
the  following  averages : 


EJev.il   n lO* 

Char^ 12  Ibt. 

Meat]  rjnge  (yards) 3387 

Mem  dtffercnce  of  range 61*48 

Mean  deflection 4*18 

With  16  lU.  charge,  at  10%  the  range 
a«era£Ei  4139  yards. 

34».  The  projectile  (Figs,  236 
tu  239)  is  of  cast  iron,  coated 
M-ith  lead  alloyed  with  tin,  to 
harden  it  This  soft  metal  cov- 
er! u^^  was  formerly  kept  in  place 
by  grooves,  encircling  the  shot 
(Fi*,',  337).  It  is  now  soldered  to 
the  cylindrical  part  of  the  shot, 
which  is  turned  smooth,  by  a 
jEinc  solder,  invented  by  Mr. 
Busliley  Britten  (58 1).  The  steel 
^Lnt,  however,  requires  imder- 
ciUtiiig;  the  heat  of  the  zinc 
would  draw  its  temper. 

Id  the  earlier  shot  there  was 
an  o]mning,  or  score,  near  the 
et'Otm,  for  the  lead  to  strip  into, 
the  fiurfaces  of  the  lead  being 
otherwise  nearly  straight ;  but, 
Intely,  the  soft  metal  has  been 
reduceil  in  front,  and  the  score 
made  nearer  the  base;  which  is 
now  the  largest  part  of  the  shot 
(Fig.  237). 
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J.V) 


The  ftcgmental  Bkell  (Figs.  238  and  239)  id  intended  to 
answer  the  pnrpoees  of  the  common  shell,  the  canister-shot,  and, 


Pio.  237. 


AncstroDf^  lead-coated  ihoC 


if  the  fui«  ii  adju^tc<l  m  ns  to  prevent  tlie  ignition  of  the  boreting 
chargt%  of  the  solid  shot ;  thos  preventing  the  risk  of  running 
short  of  either  kind  of  ammunition.*    (717.) 


FM.  S8& 


Fn.  tsf  . 


JLnBfltrofig  •fgiMoUl  §iwtL 

SSI.  The  cartridgi"*  for  the  Armntnmg  1  l<VjM>under  are  ahown 
bj  Fii;^.  240  to  242.     As  tlie  cartridge  muHt  fill  the  )H>wdcr-chani- 
•  Tlili  iImD  wm  Snt  palfloted  bj  a  Mr.  HoUaad,  ia  1>«&4. 
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Tabui  LXXXIL— ExmoiEirrAL  Peaohck     Wbitwobtii  BRXSCH-LoADDfO 

13*PoUXDER.      SllOKBCBTNWB,  APBIL  2,  IHGL 


Hclfbt  uCmU  oCtittn  •»«>▼<»  pUnr,  S|  f«^(. 

I  NAiurr,  WnrTwuKTu**  H.  L.  IS-IMr.  Oaa,  Mo>  1. 


IfauMtnrtrr,  19 'T. 


IHrvrtJnn  I 


c»t      ar^        IbA. 

I  W.lrl't »  «  • 

.  I^n.'tli h  ft-lUfr^t 

I  r  M  i:tK  Ut  of  ttorv,  Major  a&U  X  liu.  MlDor,  t'?5  la. 
-{.ii  tl.  ir  l:itl«Ml,  1  turn  Id  flA  InrbMk 
litr<«>««<«.  Nik  — .     Width,  ~.     I>r|»th, -% 
NAtqr*'  nr.-l  ••••rt  of  tii<    KY|Mnin4'Qt— Tu  MrprtAln  tb«*  lUrrr>.  A  r^  flf  W  hit  worth's  B«««eh*kMdliic 
l:l-IMr.  Ir.n  iMiti.  in  r«>mti«nMin  with  Artii*tr«»nff'*  Brr<Tb  lia«ltnf  11  IMr 

I'n^fnujiiiir  rrrrlT<tl,  r«th  lUrch.     Morr*  rc<«l%itl,  :;<1  Ainll.     Mltiut*  No.  att& 
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rU  /r  (^tiCBr*!)  A.  J.  Taiu^b.  4  .  t»n«l  e.  A^ 
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ber,  \vhatever  the  amount  of  powder,  the  necessary  reduction  of 
powder-space  is  made  by  placing  a  paper  cylinder  inside  the  car- 
tridge,  as  in  the  10-lb.  charge  (Fig.  242).  The  lubricator  consists 
of  a  hollow  disk,  of  thin  copper,  filled  with  tallow,  and  resting 
upon  a  paper  sabot  and  felt,  in  layers.  The  whole  is  secured  by 
a  wooden  screw,  to  a  wooden  plug,  tied  into  the  mouth  of  the 
cartridge-bag. 


Table  LXXXIII. — Range  Ain>  Aooubact  op  Long  and  Short  AsiiaTBONO  IS* 
PonNDEB&    H.  M.  Ship  "Excellent/*  Mat  22,  1861. 

Charge,  i  lb.  8  oz.;  Projectile,  io<75  Ibt.;  ElcTacion,  7"  s'l  fired  at  target,  2550  yv4» 
diaunt  and  14  feet  aquare. 


Long  12-PonNDBa. 

Short  12-Pocndee. 

Length  of  bore 
Diameter      ** 

••.....■••.•■■•••t 

...  84*115  in. 
...     1          " 

Length  of  bore 
Diameter      " 
Weight 

,    e\  IB. 

t   •* 

Weight 

...8  cwt,  a  qrs. 

9 

8  cwt. 

No.  of 
nmnda^ 

Actnal 
range, 
yds. 

Bejond  or 

abort  of  target, 

ydi. 

Defleetloo,  yda. 

No.  of 
n>uDd& 

Actual 
range, 
yda. 

Beyond  or    1 
yda.          1 

I 

1580 

30  beyond 

I  right. 

2570 

ao  beyond    ' 

'          1 

3  left. 

2 

aSSo 

0      " 

I     " 

»S«5 

.5      "        1 

3    " 

4570 

ao      «« 

Through. 

3 

2570 

ao      «« 

Direct. 

2570 

20      «* 

<« 

4 

2570 

ao      "        1 

Throagh. 

2550 

0      «« 

I  left. 

»545 

5  tbort 

I  right. 

a575 

25      " 

1  right 

»545 

5     •• 

5  left. 

2580 

30      « 

1     " 

1 

2550 

0    « 

Direct. 

8     1  1565 

.5      .. 

Through. 

*545 

5    " 

•t 

9        »57o 

20           «« 

Direct. 

1 

2550 

0    " 

Throngh. 

10       1558 

1 

8      " 

I  right. 

' 

Note. — The  discrciiaiicy  is  attributed,  in  the  official  report^  to  error  in  Ujtn^  the 
gun. 


SUf^  Sn^^r^. — ^Tlie  Aniit^trong  shunt  rifling,  for  muzzle-loadens 
coinbinea  botli  the  centering  and  compressing  systems.     As  the 
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Tahui  LXKXir.— RiXOB  jun>  DRrLPxTiox.^ARMMTBoxo  Sim  Brxctb-loadiko 

AVD  SlSVirS  40*K)UXbKB«. 
{Ordnance  StUrt  OmmiUee'$  Rqnfrt,  Oct  H,  1862.) 

KlerUlon. 


SUc  Brrtck'Loa^rr,  4o*poaft4cr 
LuU  Service  40-p(Mindcr 
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yd* 
•147 
36St 
2150 
3660 


Mmb  iltff#rp»m 
of  rmiurt. 


7^ 

25*0 

4$  3 

t6*5 

15.0 


Taiili  LXXW. — Raxob  Aifo  Dtrtm^nov  or  tiu  AuamonQ  Bum  BmsMni*Lr>Ai>- 

1x0  7o.porKDn. 

Hrif  ht  of  Gun.  above  plane,  10  fttti  ShclU,  filled,  %$    lb.  {  ClMr|c,  9  1U.|  Banter, 
5  lb«.  I  Tib  Cup ;  Buier*t  Lvbricicort. 

tO'iiMnf  Sei^rt  Qmtnnlter^i  Bffori^  Jan,  13,  18r>S.) 
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invniior  d<*4*tn(Nl  it  ini]M>rtniit  to  pn»%c»rit  the  hliot  fmiii  moving 
Utorullr,  by  direct  pressure  on  itA  bides  int»tead  of  l>y  allowinj^  it 
to  centre  ilb4*lf,  like  Omnnander  SrottV  (535);  and,  a«  tlie  expan- 
sion svhtc'm  did  not  m(*t*t  liin  viewis  liii»  in^oni4»U'*  re^»rt  wom  to 
arranp*  the  rifling  ^  that  tlit*  hli«>t  rtinn  home  easily,  and  14  then 
frhnnt4Hl,  or  »wit<-h<Ml  off,  or  tume<l  a  little  in  tlie  jnin,  h>  that, 
when  it  eomrn  iMit,  a  hhiilK»wer  )»ortion  of  tlio  pn»ovo  will  nip  it, 
and  pn»vent  it*  Interal  movement, 

Tlu)  projectile  (Fi<r.  213,  the  dottM  lint**  »how  ilio  outline  of 

5 


462 


Obdnancb. 


i 


1 

i| 

5» 

i 

Shot  jammed  from  foul- 
ing i  after  this  washed 
out  at  every  round. 

No  compressor. 

i 

Compra 
except 
sated. 

i 
1 

S  1 

r- 

•A 

m 

r^ 

, 

VModtj  at  190  ft 

y 

J 

: 

••              M 

M 

M 

m 

• 

K         ftO          OS 

o 

flt 

r*         ^ 

Tim*  of  flight 

H 

m 

' 

- 

^            yC 

t 

w^ 

«o 

1 

BMoiL 

d         •?        ? 

f« 

r^ 

r>* 

o 

5               ^ 

r^ 

M          OS 

Os 

O 

•a 

9^ 

OS 

9s 

. 

Left 

en       M 

. 

♦ 

M 

: 

m 

. 

1^ 

* 

' 

' 

' 

1- 

Bight 

, 

.| 

: 

: 

1 

^ 

1 

1 

EIoTsUon. 

.       -      s 

3 

H 

3 

3 

•«              3 

1 

t 

Mean. 

t^ 
r* 

m 

1 

1 

1 

*    S' 

i 

* 

ir" 

1    1 

0 

AetaaL 

t^      t^ 

t^ 

-  1 

Cliarg»,lolbaw 

s.  = 

3 

Z 

3 

3 

3                 3 

3          , 

1 

Fonn. 

<    5 

S 

n 

3 

3 

3                3 

3 

w> 

w> 

.        O         f« 

o 

o 

«A 

•*> 

r«.            40 

*f> 

Weight 

'  t  i 

t 

M 

H 

"2        ? 

*f> 

•o 

; 

4       Dlamrtf^r. 

i    ?    5 

« 

3 

S 

3 

3 

3                 3 

'     1 

1 

• 

J 

M 

1 

Ungth. 

M     i,    s 

3 

3 

3 

3              3 

3 

«« 

1  . 

3 

S 

3 

3 

5             3 

»         , 

1 

f 

1 

■     R 

J  ■ 

S 

3 

- 

3 

3              3 

'        1 

NaorBoand. 

1 

RiFLINO   AND  PSOJECTILES. 


463 


O 


B     8 

I] 


iii 

lit 


:       . 

J 

• 

^ 

:       i 

5 

• 

*f> 

• 

" 

«^    ^ 

O 

« 

«*» 

H 

f       n 

3 

« 

« 

« 

« 

m        m 

•M 

««> 

Vk 

*f        0 

00 

• 

• 

M 

« 

M 

• 

M 

•• 

• 

• 

«     8 

• 

. 

: 

. 

. 

a 

2     s 

3 

•o 

3 

3 

- 

1 
i 


m      *       00      4«      ^       :      ^ 


M       ••       m      tm       .<^      •^      I, 


I 


-      -a 


li 


rr-a 


-  «         O  9^         Q  ^        O 


««»«!;% 


«U     s      s 


I  I  I 


«      s 


i 

s 


Y 


a 


!  5 


II 


ill 


<    J    M 


O  «■         •« 


464 


Ordnance. 


the  fihel])  is  fitted  with  three  bars  of  zinc,  abutting  against  an<] 
projecting  above  iron  ribs  cast  on  the  shot.    The  tops  of  the 


FlO.  343. 


^^ I 


Eleralioii  of  shunt  shot 

zinc  bars  are  sometimes  notched,  as  shown,  to  facilitate  com- 
pression. The  outsides  of  the  zinc  bars  bear  against  the  lands  of 
the  gun,  and  rotate  the  projectile. 

Fio.  2U.  aaS.  The  development  of 

one  of  the  grooves  is  shown  by 
Fig.  246 ;  a  section  at  the  muz- 
zle, with  the  shot  going  in,  b v 
Fig.  244;  and  the  same  sec- 
tion, with  the  shot  coming 
out,  by  Fig.  245.  The  grooves 
at  the  muzzle  are  slightly 
wider  than  they  are  lower 
down,  and  are  stepped,  or 
have  two  levels,  the  lower 
level  corresponding  in  width 
with  the  entire  rib,  and  the 
higher  level  being  narrower, 
so  that  the  projectile  will  only  enter  by  the  low  level,  or  deeper 
portion  of  the  groove.  The  high  level  runs  into  the  muzzle,  par- 
allel, for  eight  inches  (in  the  7-in.  gun),  where  an  incline  com- 
mences running  off  to  the  low-level  14  inches  lower  down  the 


Shunt;  section  at  muzzle;  shot  going  in. 
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bore.     Supposing  the  Bpirajl  direction  of  the  groove  to  be  such 
that  the  shot,  in  going  down,  would  hug  the  right  side  of  the 

fiTOOve,  as  viewed  from  the 

^\i        .  .  .  n».  246. 

muzzle,  then,  in  commg  out, 

it  would  hug  the  left  side, 
because  the  rotation  would 
be  in  a  contrary  direction. 
As  the  shot  goes  down,  on 
the  right  side,  it  runs  against 
a  curve,  or  switch,  which  de- 
flects it  to  the  side  upon 
which  the  high  level  is  situ- 
ated. But,  at  this  point,  the 
high  level  has  become  ex- 
tinct, so  that  the  shot  runs 
easily,  without  compression, 
all  the  way  down. 

In  coming  out,  the  shot  is  regularly  revolved  by  the  straight 
side  of  the  groove,  but  slides  along  the  bottom  of  the  bore  until  it 
reaches  the  incline,  when  the  compression,  conmiencing  gradually, 
squeezes  it  up  into  the  middle  of  the  bore,  so  that  it  leaves  cen- 
tered and  tightly  nipped."* 

3«I4.  The  Armstrong  shunt  shot  (Fig.  247),  fired  with  5*5  lbs. 
powder,  from  a  cast-iron  32-pounder,  in  the  trials  of  1861  (592), 
was,  in  total  length,  15*22  in. ;  diameter,  6*32  in. ;  weight,  50*5  lbs. ; 
diameter  of  powder-chamber,  4-8  in. ;  bursting-charge,  6  lbs.  13 
oz. ;  twist  of  rifling,  1  in  28  in. ;  number  of  grooves,  3 ;  width  of 
grooves,  1*25  in. ;  depth  of  grooves,  0*18  in. 

sum.  Brass  studs,  in  rows,  and  a  greater  number  of  rows,  are 
now  generally  used  instead  of  zinc  strips.  The  particulars  of  the 
10^-in.,  13-in.,  and  other  shunt  guns  and  projectiles,  have  been 
given  in  a  foregoing  chapter  (22  to  30).    Upon  some  of  the  heavier 


Shunt;  section  at  mnzzle;  shot  coming  out 


•  "  The  xnodiflcatioB  of  the  shunt  system,  consisting  in  reyersing  the  groores  and 
projections  by  making  the  former  in  the  shot  and  placing  the  latter  upon  the  bore,  was 
imgoceowfhl,  one  of  the  ribs  of  a  wrought-iron  gun  giving  way  after  about  100 
roaDdfl.*^^Cbmfiian(ler  SootL    Jour.  Royal  U.  Service  Inst,^  Dec,  1861. 
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shunt  shots  there  are  three  kinds  of  projections  for  three  different 
purposes.    A  circular  row  of  studs  on  the  base  guides  the  shot  as 


CD 


o 


i 


•  c: 


I 


it  enters ;  a  shorter  row  rests  on  the  bottoms  of  the  grooves,  and 
allows  the  shot  to  run  home  easily,  without  damaging  the  grooves ; 
a  row  of  long  strips  bears  against  the  sides  of  the  grooves  to  rotate 
the  shot 
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Tawlm    LXXXVlL-^fUnom   ajtd   Dsrucnoir   or   the  AtiitfTBosro    tO-PomiDn 


Dbmettr  of  Bofv., 
Lcagth  of  Bofc ... 
WdflM 


6*4  ia. 
...     109  U. 
60  cwt. 


Mean  weight  of  Projectile        71*7  Ibe. 


Charge ti  Ibe. 

No.  of  Oroovci  «. 6 

Wi4thof4o 0.9410. 

Depth  of  do. o*t$  ia. 


Banting  Charge.. 


5lbt.6ot.  Twitt,  i  tara  ia 45  calt. 


Oaa  l'*4  ^c<t  ahovc  pUae.     Rctalt  from  119  roaadt. 

iAb§irtyi4»(  IiefH>riof  Ordmmee  S^lrct  OymmiUet,  /M.  «,  18A3.) 


BI*TMioa. 

Mrunuivk 

.Mi«a(Sm«>fvac«or 
rMgr. 

1I«M  drfl«<t..Ml. 

74a. 

1             yd.. 

yd.. 

1' 

Iljt 

3:r 

095 

$ 

1316 

40*91 

1*50 

lo* 

39S9 

6o- 

3-«$ 

Table  SO  ig  an  acconnt  of  the  practice  with  the  13*3-in« 
gun  or  B<K).p>under,*  at  Shoebaryness  November  19,  1803. 

Ttie  gnn  ia  served  bj  1  officer  an<l  2o  men.  The  diot  ia  placed 
in  a  rnulle  Ii(M>ked  on  to  the  muzzle,  and  pn»vided  with  groo^-en 
cfirraipinding  with  the  grooves  of  the  gun.  One  man  lifted  up 
the  cartridge  and  four  men  lifted  the  shot.  When  sponging  out 
dry,  4  men  ramme<l  home  the  rartri<lge— after  washing,  6  men. 
Four  men  rainme<I  the  iihot  home.  The  gun  wan  mounted  on  a 
garrison  carriage  of  r>4  cwt.,  with  a  platform  of  75  cwt.,  having  an 
incline  of  3}°.  The  gun  wan  travcrtMN]  on  a  raiMHl  iron  racer  with 
a  treble  and  double  bWk-tackle,  bv  6  men  on  a  side. 

The  nhot  ric(H*heted  straiglit.  The  time  between  the  shots  was 
toward  die  end  of  the  firing,  10  minutes. 

SS7.  The  shunt  rifling  adopto«i  in  KuA*ia,  as  iise<l  in  tlie  9-in. 
steel  gun  (tjA  L^  illu»traied  by  Figs.  24S  to  251.    The  pMJectiles 


*  A  Miaat*  daarfiptkw  of  tfaw  gna  aod  ita  nfltaf  has  boon  givao  ia  Chaplar  L  (}0i) 
8ss  stoo  aois  la  Appsadiz. 
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Tablk  LXXXVIIL — ^Rakob  and  Dbvutiov  or  70-FOnrDEB  Sidb  Brxkb-Load- 
iKO  Abmstroito  Oux. 
Calibre,  6*4111.$  length,  no  in.}  weight,  6903  Ibi. }  70  grooTes,  1  twn  in  45caljbcct. 
Gun  17  feet  above  plane. 
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68.561 
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11.68 

3586  '  3760 

3704     30.9 

1560 

i.fo 

are  fitted  with  ^^  compoBition-nietal'^  rectangular  studs.  Meet  of 
the  projectiles  are  2^  diameters  long,  so  that  the  d-in.  gUD  fires 
a  shell  22^  in.  in  length.  Figs.  252  and  253  show  the  different 
forms  of  steel  shells  recently  used  in  experiments  against 
armor  (23s). 

fftl8«  The  following  are  the  dimensions  of  the  rifling  in  the 
steel  24-pounder  (6*03)  and  the  84n.  guns : — The  rifling  is  from 
left  to  right,  looking  from  behind.  It  commences  6  in.  from  end 
of  bore.  The  bore  must  be  cylindrical,  and  the  difference  between 
the  diameter  at  different  sections  should  not  be  greater  than  0*01 
in.  The  bore  m^st  bo  l)etween  6-03  in.  and  6*05  in.  The  diam- 
eter  of  disoharging-grooves  should  be  from  6*29  in.  to  6*31  in. 
at  the  muzzle,  and  at  36  in.  from  muzzle,  from  6*31  to  6*33  in. 
Diameter  of  loading-grooves  from  6*38  in.  to  6*40  in.    Breadth 
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Table  LXXXTX.^Pbaotict  with  Armbtboko's   7-inoh  SBTnfT-RmJBD   MosrAft. 
Sqells  with  Coffer  axd  Ziko  Rib& 


No.  of 
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26*1 
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I«j. 

43  •» 

BudHng  char^,  6*625  ^^* 


of  discliarging-grooves,  from  a  point  6  ft.  9  in.  from  end  of  cham- 
ber to  muzzle,  and  from  a  point  3  ft.  9^  in.  from  end  of  chamber  to 
breech,  from  0*70  to  0*72  in. ;  and  discharging-grooves  from  a  point 
6  ft.  9  in.  from  end  of  chamber  to  muzzle,  from  0-77  to  0-83  in. 

JItSO.  The  Expansion  Syntem. — This  B^'stem  is  carried  out 
on  the  most  extensive  scale  in  the  United  States ;  in  England  it  is 
experimental,  and  has  not  been  adopted  in  the  service.  On  the 
Continent  it  is  hardly  recognized. 

560.  The  plan  of  rifling  almost  universally  adopted  in  America 
(Fig.  254),  is  lands  and  grooves  of  the  same  or  nearly  equal  width, 
viz. : — I  to  f  in.  wide  and  /^  to  ^  in.  deep  in  the  smaller  guns, 
and  }  to  1^  in.  wide  and  tV  i^*  deep  in  the  larger  guns. 

561.  As  all  the  standard  Army  and  Navj'  ]inijectiles  (except 
Sawyer's,  Figs.  225  and  226),  viz.,  JamesV,  IlotchkissV  SchcnkKs, 
Parrott's,  and  Stafford's,  are  expanding  projectiles ;  they  may  all 
be  used  in  any  gun  of  proper  calibre,  irrespective  of  the  width  or 
depth  of  the  grooves. 

563.  The  ranges  of  these  projectiles  from  tield  guns  (bore  from 
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3*9  to  8*80  in.),  with  12^  or  13^  elevation  (the  greatest  elevation 
the  carriages  will  admit  of),  is  from  3000  to  3500  vardit,  or  about 
If  t4>  2  miles.  With  higher  elevations  6000  yards  are  eaiiilj 
attained 


Fia  348. 


F».  349. 


Fi.i.  2:.o. 


Flo.  351. 


Fiaa  3i8  to  351.— Shunt  riflinir  of  RoMtiaa  94n.  mm.     Scale,  IHn.  to  1  (t 

Fi(.  %4,%  ~ Seitiun  M  muclr. 

**  S49 36  in.  from  miM«k. 

**  SCO 9s  in.  frtim  matfir. 

**  act  • ^   114  in.  frum  mu<tlc. 

jMS*  TIio  piinin*;  twiAt  in  not  omplovtMl  t4>  any  <*<m«i<l(*nii»l« 
extent  rxwpt  in  tlie  Parrott  pinn;  and  Pam>tt'<i  pnjertili»  1573) 
is  ]>arKi(*uUrly  a«lai>t4*<l  to  thiM  twwt,  by  having  a  ven*  iihort  lK*ar- 
ing.  TIio  long  bearing  of  the  Ann!«tn>ng  f«hot  <4S0i  m-ould  evi- 
dently lie  HtripiMMl  by  landrt  with  inrreaning  pitrh 

Stt4.  Jami:s.  -T)ie  Jatne.^  (American  1  |>n»jtM*tiU*  U  iUui»trattHl  by 
FigK.  255  to  25*4,  and  iscaMt  with  H  «>r  10  longitudinal  re(*eM<'S  orMits 
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leading  from  the  periphery  to  a  central  orifice  in  the  base.  Tbeae 
are  filled  with  Boft  metal,  which  is  pressed  out  into  the  grooves  of 
the  gnn  by  the  powder-gas  acting  through  the  orifice  Cj  Fig.  255. 
Fig.  257  is  a  section  through  one  of  these  recesses,  d;  m  m  are  the 
entrances  to  other  recesses,  from  the  central  cavity.  The  projec- 
tile retains  its  full  diameter  for  }  in.  of  its  length  at  each  end  of 
the  cylindrical  part     The  intermediate  space  is  i  in.  less  in  diam- 


FlQ.  26a. 

FiO. 
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c: 

^^,,„^^^ 

Ruaaian  shunt  steel  shells. 

Flo.  254. 

Rifling  of  4.2-in.  United  States  siege  gnn.    Full  size. 

eter,  forming  a  recess,  in  which  is  wrapped  a  plate  of  tin,  covered 
by  a  piece  of  canvas,  secured  to  the  tin  by  being  folded  under  it 
and  cross  sewed.  The  space  inside  of  the  tin  wrap|)er  is  filled  with 
melted  lead,  which  adheres  to  the  tin  and  ])revent4  its  revolving 
on  the  shot.  The  outer  canvas  wrap|>er  is  well  greased,  to  insure 
an  easy  entrance,  and  to  clean  and  lubricate  tlie  gun. 

ft 6S,  The  average  weight  of  the  projectile  for  a  42-pr.  (old) 
gun  is,  if  solid,  81 J  lbs. ;  if  a  shell,  64 J  lbs.  Its  length  is  13  in., 
of  wliich  G J  in.  is  cylindrical.  The  James  j)rojectiles  used  in  the 
breaching  of  Fort  Pulaski  were  fired  from  42,  82,  and  24-]M>undor 
guns,  and  weighed,  respectively,  84,  64,  and  48  ll>s.  The  charges 
were,  respectively,  8,  6,  and  5  lbs.  of  powder. 

566.  HoTCHKiss. — The  Ilotchkiss  (American)  projectile  (Fig. 
259)  consists  of  a  cast-iron  body,  which  may  be  a  shot  or  a  shell, 
with  a  cylindrical  base  of  diminished  diameter,  over  which  a  cast- 
iron  cap  is  fitted.    These  parts  are  slightly  less  in  diameter  than 
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the  bore  of  the  gnn.    The  groove  between  the  body  and  the  cap 
ifl  cast  full  of  lead,  bo  that  the  fin^t  power  of  the  powder,  before  the 


Fro.  255. 


Flo.  256. 


Jame«  iihoL 


Jaidcii  BhiJt,  without  packing. 


inertia  of  the  whole  projectile  ia  overcome,  i»4  devoted  to  driving 
the  cap  farther  ujHm  the  body,  thu*  Bqueezing  out  the  intenne<Iiate 


F:;. 


FlO.  25H. 


^<-<  t  "tt  c»f  Jun»vn  ph«*IL 


Ni  ^r  Jamet  hKoIl 


k*ail  into  tlie  gn»overi  of  the  gun,  and  at  the  Mime  time  IioMing  the 
leml,  aff  in  a  viee,  ^o  that  it  rnnnot  n»volve  on  the  prujwtile.  Ah 
in  tlie  JameM  hhot,  the  lea<I  in  n»vere<l  by  a  grejiM*<I  ran  van  band. 

Tlie  leiigtlut  and  weight*  of  pnycvtile**  of  dilferent  ealibrci*  are 
varied  aro<»nling  to  ein^uniHtami***.* 

A#7«  TnoMAH. — Mr.  LynallTlioma*»V  (KnghMi)  projt'^'tile  (Fig. 
2^\  MA  UM'il  with  little  KucceiM  in  the  <*tiin|»etitive  triaU  of  1m;i, 

•  In  •  V  !t#^  to  l}.e  Jrwiy  nn*l  S't  y  J.-*ir^n\  nf  Nor  1  4.  lACt,  Ur  TI«.*.  ?  k  ••  aUtM 
that  }i^  .•  furrn*:  jnir  Ki*  pr»»»c«-ti:<'«  ti»  t».««  V.  S.  <  Jorrmmrnl  at  Vt**  rat««  ..f  ^m»o  pmr 
dMj ;  uA  Uiftl  (•«*  i*Aa  made,  niton  U»r  rt* b> ;.:  n  o  !iiriM'OC»*(t  orer  1600000  prtJfrrtikML 
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closely  resembles  the  Ilotchkiss  projectile.  The  lead  is  forced  into 
the  grooves  by  a  sliding  ring  instead  of  a  cap.  The  particulars  of 
the  rifling  and  projectile  are  as  follows  :  Pitch  of  rifling,  1  turn  in 
18  feet ;  No.  of  grooves  (flat,  square-cornered),  7 ;  width  of  grooves, 


Fio.  269. 


Section  of  the  Hotchkiss  shelL 


1*8  in. ;  depth  of  grooves,  0*1  in. ;  weight  of  shell,  55  lbs. ;  length, 
10*2  in. ;  diameter,  6"3  in. ;  diameter  of  powder-chamber,  3*2  in. ; 
bursting  charge,  1  lb.  5^  oz. ;  charge,  7  lbs. 

568.  With  a  7-in.,  7-grooved,  puddled-steel  gun,  of  7  tons 


Fi':    200. 


LjDoll  Thomases  early  projoelile. 

weight,  forged  solid  at  the  Mersey  Iron  works,  and  a  1 75-lb.  shot, 
charge,  27'lbs.,  elevation,  35"*,  Mr.  Thomas  has  obtaine<l  the  longest 
range  on  record — 10070  yards,  or  nearly  6  miles.  The  gun  burst 
after  a  few  discharges. 


Rifling  and  Pbojectiles. 


10 


Tlie  rifling  lately  adopted  l>y  Mr.  Tlioinas  has  l>een  deiM*rilied 
under  the  centering  sjAtem. 

S€9.  Si'HKxiu-.— The  SchenkI  (American)  pnyectile  (Figs.  261 
and  26*J)  Li  a  casting,  having  its  greatest  diameter  a  little  more 


Fis.  SCI 


Fia  2Si. 


ikithout  patrtu 


Scbenkl  pm^Oe,  with  pap*^ 
macke  pAtch. 


than  i  «  f  it^  h*n;;th  fn»m  the  A>rwar<I  end;  from  which  {Kiint,  in 
the  n»Jir  cud,  it  pn-^^^iiti*  the  fonn  of  a  trunrato^I  mne,  with  htruight 
pmjVrtidnH  o:wt  ujK>n  it.  Anuind  thirt  rear  jKniion  i.^  placed  a 
riiifT  of  y*»/y//#r  //uWi/,  the  interior  of  which  U  made  comical  and 
grooved  to  fit  the  pn>je<'tionrt  on  the  ca.-ting,  ?io  that  then*  hhall  1x5 
n«>  lati*ral  slipping:  the  exterior  \^  cylindrical, and  Kliglitly  Mnaller 
than  the  l>ore,  so  a-*  Xu  nin  home  c^ahily.  The  jM»w<lcr  pw  drivi»s 
the  j**ijfi^ r-m/i'/i/  pjwkiii;^  f«»rwanl  ui>on  the  cone,  whem^e  it  is 
jamme<l  iiit4»  tlic  ^»t«mivi«h  of  the?  gim,  and  nia<le  so  c<im|mi't  oa  to 
rotate  the  pri»j«N*tile  without  Gripping.  V\>*m  heaving  the  gun,  the 
pajH't  nuu*hi'  flits  olf  in  the  hha|»e  of  a  hannle^**  j>owder.  Tlie 
weights  and  lengths  are  varies!  for  ditfenMit  sor%'i<*<». 

S7#,  Uekj».  -Tlie  IUm^^I  (American I  s\>tem  (Fi;r-  t.'^»3;  is  not 
largely  a«lo|»t4*<l  in  the  fonn  hhown,  hut  illu^trate<4  the  principle  of 
several  prr>jectik*H  extenhively  nse<l  in  b<»th  the  N«irthem  and 
Smtliem  Stat^**.     In  the  latter,  the  pnje^'tiles  are  nsnally  of  Eng- 
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is  fhovnx  hv  Fig.  207.     The  grooves  are  4  in  number,  and  arc  used 
with  a  modification  of  Commander  Si*ott's  projeetfle  (535). 

Flo.  2€5. 


,.^'^/''/.  ;/^^^ i^ ^  < ^ ■ ' • ' ''^"' ^^^^ 


FW.  S61 


Ritiinf  of  BUkelj  9^n.  gun.     Full  siaa. 

S78.  PAKBorr.— The  Parrott  pn>jectile  (Figs.  2r>S  and  2<19) 
consiAtH  of  a  rant-iron  body,  receaaed  aromid  the  comer  of  the  baae 
to  receive  a  brans  ring  from 
1  in.  to  1^  in.  in  width,  and 
about  1  in.  in  maximum 
depth,  m-hich  in  ma»Iie<I  int4> 
the  g:nM»ven  of  tlie  gun  by 
the  exphnuon  of  tlie  ]M>wder, 
The  rerens  in  which  the  bram 
ring  U  cant,  in  provided  with 
namen>un  prnjectiours  parallel 
t<>  itn  k*ngth,  like  tlie  teeth  of 
gearing,  by  which  the  ring  in 
prevented  fmm  revolving  on 
the  allot.  Tlie  <lianieter  of 
the  re<*enn  in  greatest  at  the 
extreme  rear  of  the  »liot,  n<» 
that  tlio  brann  ring  cannot  fly  off  without  breaking.  Tlie  entire 
nboC  in  slightly  smaller  than  the  bore,  so  an  to  l»e  eanily  rammed 
home. 

S74.  The  weight  of  the  6'4-in.  (.32  iNiunden  PamUt  nhot  and 
nliell  in  fnmi  70  tt>  100  Hm.  TIio  H-in.  p^>jectiIe  weighn  fn>m  133 
to  175  Ibn.,  and  the  10-in.  averagf*n  alN>ttt  2r>o  lU.  The  Parmtt 
pniji^ctilen  ase<I  in  tlie  brea(*hing  of  Fort  Pulaski  were  I{<^|M>undem 
— <*harge,  31  Ihn. 

In  the  rilling  of  the  Parrott  gunn,  the  gnrnvc^n  and  landn  are  of 
equal  width,  and  /t  in.  deep.     The  liottom  c*omera  of  the  grooves 


RifUntr  (jf  Brooke*!  7 -In.  pxn. 
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are  rounded.     The  twist  of  the  grooves  in  the  lOO-pounder  com- 
mences at  0  and  ends  at  1  revolution  in  18  feet.     The  bore  is  130 

in.  long.  The  8-in.  rifle  has 
11  grooves;  the  twist  com- 
mences at  0,  and  ends  at  1 
turn  in  23  feet.  The  bore 
is  186  in.  long.     The  10-in. 


Fio.  267. 


rifle  has  15  grooves;  the 
twist  commences  at  0,  and 
ends  at  1  turn  in  30  feet. 
The  bore  is  144  in.  long. 
575,  Figs.  270  and  271  show  the  accuracy  of  the  Parrott  1<m>- 
pounder  shells  in  practice  which  was  much  like  service,  having 


QrooTo  of  Blakelj  12}-in.  gaxL    FuU  size. 


Fio.  26a 


Parrott*8  boUow  shot 


Fto.  369. 


Parrott  lOO-poimder  shell 
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Tablb  Xi'I— Thul  op  Paabott  6*4-lNcn  IOO-Poi^xdui  Riflk,  bt  tiuxo  it  1000 

Tints  WITH    1  DO-LB.    rBOlBCTTLS  AND   10  LB8.   ChaBGC      WE8T  I>0IKT«   JvLT    I   TO 

Jilt  19,  IbCi. 

G«««  FooxMT,  No.  339;  Camt  Mav  ai,  tt6i. 

llMk 

Ofvenwoo4  Iroa,  No.  i 44^0 

Orcciiwoo4  do.^  No.  x- 3360 

Sftlaibttry       do ^3S^ 

Scocth          do 336 

Oaa-Head*  do «a4o 

I176I 

The  Bccal  was  a|  hoort  la  fiuion. 

I>«irnrT.  Tssbilb  Bnm«t«. 

Baa. 
7.3750  19S97 

Rbasl 
?.»M  J49?5 

Wroofht-iroa  rraaforcc,  17  ia.  long  aad  )*a  ia.  thkk,  wit  ntdc  frofli  a  bw  4x4  ia. 
tad  *6  ft,  luag,  Aad  «»«tfbed,  fiaiiliAd,  17*5  lU. 

DmsauoviL 

lAcbw. 

Lciiffh,  ritremc IS4*^$ 

[>.*.      Bore 130 

t>->      Trunniuni j 

D.imrtrr  of  Bore 6*4 

!>».           Tninni«>ni |. 

[>i.           ac  Moxflc >3-03S 

Gruov««  t^oAfef  with  rounded  ioritm.     InireAiaaf  twUt  comoicaccd  At  o,  Aad  cadcd  AC 
m*i*U  wttli  I  rvvoUiioa  ia  it  ft. 

Dijmrter  rrin*<irce ^S*9 

Ltngrh  frt*m  f«<e  Co  end  of  Grooves IS4 

W»4th  of  GriH>vrt • c*7Bl 

Defch  do O-l 

Weigbc  «...  9tia  lU. 

PrtpoadcruKc so  ** 

C'ffcr  bathiaf  ia  vcni,  |  in.  dumrteri  vent  vertical,  eaicring  the  bure,  at  1*7$  (a. 
t'  m  the  buoom. 

The   puwJrr  wm  furnUhcd  by  thr  Navy  DvpartnMnt,  aad  tunitttrd  of  D«p»nt*t  No.  7 

InifiAl  vel  iiitv,  mr^n  of  )  fim,  11  $1  ft.  (  prnivre  per  s^.  an.,  iia61b«.     The  CArtridfca 
«crr  5*^  ia.  dumrtrr.      Thr  gwa  waa  Arcd  by  A  frutioa  tabc. 
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PAfttoTT*!  PtojscTiLSy  wiTM  BsAtt  RiNGi  AT  THi  Bais. — Shot  flat-headed,  avenif  lag  9!^ 
11m.  Shells  loaded  with  sand,  averaging  loi^  Ibt.  The  projccdlet  used  averaged  too  lU. 
The  gun  it  yet  in  good  condition.  The  elevationa  varied  from  3}**  to  15*,  the  majority 
being  at  4}''  and  5**.     Four  were  fired  at  lo**,  34  at  lo^%  6  at  14*°,  and  18  at  15*. 

Of  the  projectiles,  927  took  the  grooves  perfectly  and  performed  well.     Of  the  remain- 
der- 
Wobbled,  range  good Ii 

Do.         do.      bad I 

Ring  broken,  good 4S 

Do.        do.       bad 1 

Sound  angular,  good 1 

Unloaded  shell,  broken I 

73 
9»7 

1000 

At  the  300th  round  3  incipient  cracks  appeared  round  the  veat-ptcce,  but  were  not 
much  increased  by  constant  firing. 

The  effect  of  firing  on  the  grooves  was  only  to  polish  them.  Their  edges  were  sharp 
and  well  defined,  and  the  accuracy  of  firing  was  not  diminished  at  the  end  of  the  trial. 

Stak-Gaugi. — ^The  bore  was  gauged  at  the  termination  of  every  25  rounds.  The 
greatest  enlargement  was  •023  inches,  near  the  seat  of  the  brats  ring,  and  opposite  where 
the  reinforce  terminates.  The  gun  often  became  very  much  heated  from  the  rapid  firing 
— as  fktt  as  one  round  in  less  than  two  minutes— and  the  consequent  eipansion  of  the 
metal  gave  large  results.  The  temperature  of  the  gim,  when  heated  by  firings  was  130'$ 
when  cold,  81*. 
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Tjmm  X(*IIw~Tbial  of  Pabbott   S-Ivoh   200-Pofnn>EE   Rirui     Wur  Potsrr: 
ooMioaGio  Mat  38,  akd  sn>Bo  Awl  %  18<>1 

Bore,  I  la. )  wcig he,  16000  Ibt.  {  riM  wi(h  1 1  grooves  {  tncrcttiiif  twist,  i|  ft.  at  mw- 
tic  I  tpccific  grsTity  of  metil,  7  *  30s 5 1  teoacity,  34059. 

PmjcctUeiy  prepared  with  brtM  nop,  i|  to.  wide. 

Hollow  tbot,  trvncaMd ^  15    in.  long.         Weight 150  Ibe. 

SoUd  tbot,  creacated ^  15     ««     ««  Weight 176   •< 

Short  iheU,  coaoidal ^  17^**     **  Weight 155    ** 

Long  thell,  tnacated ^  19    **     **  Weight soo  «* 

The  cartridges  6ttcd  the  bore  with  jvst  windage  enovgh  to  reader  loadiag  eMij» 
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Table  XCII.--(OoiminiKD.) 

lOO  thot  fired  into  a  bank  iioo  yards  dutant.  Tima  of  flight,  6|  to  6^  Mcondt. 
Accuracy  Tcry  great.  Of  the  first  26,  ao  struck  within  10  sq.  ft  Drift  not  to  exceed 
5  feet. 

All  the  projectiles  took  the  grooTes  without  failure,  which  was  remarkable,  at  the  gun 
had  not  been  fired  before,  and  was  the  first  gun  made  of  this  calibre.  The  greanK  en- 
largement was  1%  in.  from  the  bottom  of  the  bore,  at  the  position  of  the  expanding  brass 
rings,  and  was  x 

At    90th  round •004  in. 

At  looth     "     .006  « 

Juki  %. — Initial  Telocity  of  the  same  gun  by  means  of  Benton's  Electric  Ballistic  Pen- 
dulum : 
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bcKMi  made  at  the  50l8t  and  601st  rounds,  n^i^pec^tively,  while  firing 
the  gun  1000  roundft.  The  targets  were  niatle  of  binler-phite,  and 
t«et  at  2(K)0  yards  from  tlic  gun.  The  smaller  target,  s  ft.  11  in. 
hy  4  ft,  2  in.,  was  hit,  as  shown,  6  times  in  14  eontie<*utive  rounds. 
The  other  target,  10  ft.  square,  was  Iiit  9  timeri  in  17  eotisei*utive 
rounds. 

87^  Htafford. — Tlie  projectile  sliown  hy  Fig.  272  has  re* 
cently  )>een  intro4lnced  in  the  United  States  Army.  A  hrass  cup 
is  foree<l  upon  the  conical  base  of  the  shot  (590). 

077,  BrcKLC— Tlie  prc»joctile,  Fig.  273,  has  also  been  re- 
cently employed  in  the  United  States  Army.  Hie  cup  of  lead  at 
the  base  of  the  shot  is  held  in  place  by  a  thin  braas  sleeve  which 
is  forced  into  the  grooves  of  the  gun. 

97H.  Jeffkbt.  Mr.  Jeficry^s  projectile  and  rifling  are  illus- 
trated by  Figs.  274  and  275.  The  lead  is  affixed  to  the  rear  of 
the  projectile  by  dovetails,  into  which  it  is  cast ;  a  hollow,  resem- 


Pm 

.  170. 

0 

0 

sy/' 

J 

bling  that  of  the  Minio  bullet,  is  left  at  the  bottom,  for  the  pur* 
{MiM  of  causing  the  lead  to  be  driven  into  the  rifling.  A  wad  t»r 
covering,  cf>nsii(ting  of  flannel  coated  with  mA  soap,  is  wrap|N-«i 
around  the  rear  of  the  pn»jeetile,  to  facilitate  loading,  deereiiM* 
Windage,  and  lubricate  the  lN»re. 

879.  Tlie  following  arc  the  partieulars  of  the  rifling  and  pn» 
jectile  (Fig.  274)  used  in  the  competitive  trial  of  1S«11,  with  a  &|- 
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lb.  charge  in  a  32-pounder  cast-iron  gun : — Pitch  of  rifling,  1  turn 
in  64  feet ;  No.  of  grooves,  7 ;  depth  of  grooves,  0*12  in. ;  width  of 
grooves,  1*65  in. ;  weight  of  shot,  45  lbs. ;  length,  9*68  in. ;  diam- 


Fio.  272. 


Flo.  813. 


Stafford*8  new  projeotQe. 


Bnoklt's  prcjeotOe. 


eter,  6*2  in. ;  diameter  of  powder-chamber,  4*6  in. ;  bursting  chai^, 
2  lbs.  8  oz. 

The  range  of  the  Jeffery,  as  compared  with  the  Armstn>ng 
100-ponnder  projectiles,  is  shown  by  table  108. 

580,   BBmxN. — The  system  of  Mr.  Bashley  Britten,  show:i 

Fio.  274 


Jefflsry*!  aheO. 

by  Figs.  276  and  277,  is  at  present  in  considerable  favor  in  Eng- 
land, and  resembles  the  American  system,  both  in  the  shape  of 
the  grooves  and  in  the  expanding  lead  base.  The  groove  shown 
by  Fig.  278  has  been  employed  by  Captain  Blakely  for  this  pro- 
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PlO.  276. 


Jetkry^M  riiliDK- 


jectile,  and  is  largely  naed  bj  the  OonfederataB  for  other  expand- 
ing proJG(*tile& 

08 1 •  The  most  novel  and  valaable  part  of  Mr.  Britten's  in- 
vention is  the  fastening  of  a 
lea<l  ring  to  an  iron  shot, 
by  junc  solder,  so  firmly 
that  tlie  explosion  will  not 
strip  it  off.  This  process  is 
now  used  for  coating  the 
Armstrong  projectiles  (549). 
TIic  pn>cus(i,  as  practised  at 
WcK>lwich,  is  as  follows : — 
The  iron  pn>jectile  is  heated 
to  a  dull-red  heat,  dipped  in 
fal-anim<>niac«  which  tbo- 
nmghly  cU>ans  the  surface, 
held  fiir  atxmt  2  minutes  in  a 
bath  of  melted  sine  alloyed 
with  antimony,  and  then  )>laced  in  a  bath  of  melted  lead,  hard- 
cntNl  with  zinc  or  tin,  for  3  or  4  minntes.  It  is  finally  placed  in 
an  in>n  mould,  and  lead  from 

the  laxit  Imth  is  poured  around  ^*-  ^'•' 

it  The  ]>roject  i  le,  th  us  coated, 
i»  f<)U(^'7A*d  out  of  tlie  mould 
by  a  i«crew. 

A  wiHiden  plug,  usually 
screwed  to  the  bottom  of 
Britten*s  proj<*ctiie,  is  driven 
ag^nut  the  lead,  and  causen 
it  t«»  ex|)and  into  the  gro4>v(*s. 
TIm*  amount  of  prr»jtt*tion  on 
llu"  ringyy.  Fig.  271^  as  the 
pniji'ctile  was  formerly  con- 
structed, rvgulat(*d  the  prew^ 
ure  of  tlie  lead  against  the 
l>orL%  and  was  aiijuhtt^  h>  as 


Bnttrrr«  rUlfaif 


492 


Ordnance. 


to  just  stop  the  windage  without  wasting  power  or  straining  the 
gun. 

8S9.  The  following  are  the  particulars  of  the  rifling  and  pro- 


Fio.  277. 


-:*--• 


Britten's  projectile. 

jectile  used  in  the  trials  of  1861,  with  ^  lbs.  of  powder,  and  a  cast- 
iron  32-pounder  gun : — ^Twist,  1  in  48  feet ;  No.  of  grooves,  5  ; 

width  of  grooves,  2  in.;  depth  of 
grooves,  0*10  in. ;  weight  of  shot,  47 
lbs. ;  length,  lO'T  in. ;  diameter,  6'25 
in. ;  diameter  of  powder-chamber,  4'7 
in. ;    bursting    charge,   3   lbs.   7  oz. 

(59^)- 

583.  Tlie  ranges  of  the  Britten  100-lb.  projectile  at  10®  eleva- 
tion, charge  10  lbs.,  are  from  3400  to  3500  yards. 

584.  Arnor-PniichlBv  ProJecUlet. — Whitworth^s  armor- 
piuiching  shells,*  lately  fired  through  the  Warrior  target  (231)^ 
is  thus  described  by  the  inventor  in  his  patent  specification  :t 

*  speaking  of  armor-punching  shells,  the  Ordnanoe  Select  Committee  saj  (Novem- 
ber, 18d2,)tliat  "  there  is  great  reason  to  expect  similar  results  iVom  the  guns  of  thm 
senrice  when  the  same  material  (for  shells)  is  employed.  To  Mr.  Whitworth,  bowerer, 
will  alwajs  be  due  the  great  distinction  of  baring  first  eflbcted  it*' — Repmri  ^Ae 
Sded  OtrnimOtoe  on  Ordnance^  1863. 

t  No.  1663.    June  2d,  1863. 
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''  Now  it  has  been  fonnd,  tliat  one  cause  of  the  inefficiency  of 
frhelU  heretofore  employed  against  armor-plates  has  been,  that  the 
concussion,  on  a  shell  striking  armor- 
plates  of  any  considerable  thickness, 
and  with  velocity  sufficient  to  pene- 
trate, generates  so  nmch  heat  as  to 
explode  the  bursting  charge  in  the 
hhell,  thus  fracturing  it  before  it  has 
had  time  to  pass  tlirongh  the  armor- 
plating.  Another  cause  of  the  ineffi- 
ciency of  sliells  heretofore  cmploywl 
against  armor-plates  has  been,  that 
the  bhells  have  l>een  so  weak  that  the 
Utix^  of  the  blow  ha*  l)oi*n  sufficient 
tti  frai'tnre  them  mechanically ;  thin 
wcakne*«D  hoM  arin^n  usually  fn)ni  the 
iiiatrrinl  of  whirh  bhells  have  bt^n 
f«>rme<l  l>eing  S4»ft,  or  brittle,  or  Imth, 
and  in  many  caM^  alt^o  fn)m  tlie  form  given  to  the  i»licll. 
•     •     •     According  t*)  my  invention,  shells  are  made  of  metal 


.    » 


Brittro'ii  t^rir  pn^t'otilo 


Fli..  2h0. 
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Fici.  2-2. 


Flo.  2^r 


Whltworth'f 


-ponchinf  proj<«rtil«a. 


properly  hardened.  They  are  w»lid  ft>r  a  hufficient  length  in  fnmt 
of  the  intenial  cAvity  to  give  the  rcquinite  strength  for]>enetra- 
tion« 


494  Ordnance. 

'^  The  fofie  usually  employed  for  igniting  the  bunting  chai^  is 
dis])euscd  with,  as  the  heat  generated  by  the  impact  of  the  shell 
is  sufficient  to  ignite  the  barsting  charge.  To  prevent  the  he&t 
generated  by  impact  from  acting  prematurely,  and  to  r^ulatetbe 
time  of  ignition,  the  bursting  charge  is  surrounded  with  a  proper 
thickness  of  flannel,  or  other  material  which  is  a  non-conductor  of 
heat." 

S89.  Mr.  Whit  worth  then  states  that  he  converts  or  highly 
carbonizes  a  forged  bar  of  homogeneous  iron  (or  very  mild,  lowly- 
carbonized  steel),  i  to  ^  in.  deep,  which  then,  being  dressed  sod 
bored,  is  put  into  the  ordinary  case-hardening  material,  heated  to 
redness,  and  cooled  by  jets  of  water  or  brine.  He  then  tempera 
it  by  placing  its  base  on  a  block  of  metal  heated  to  a  dull-red 
heat,  until  a  straw-color  at  the  point  and  a  blue  color  at  the  base 
indicate  that  it  is  properly  tempered.  The  front  plug,  i,  also 
hardened  and  tempered,  is  sometimes  used  to  enable  the  shell  to 
be  more  thoroughly  hardened. 

S86.  The  time  of  bursting  is  r^ulated  by  the  thickness  of  the 
flannel  layers,  x  x. 

"  I  have  found  practically,"  the  specification  continues,  "  that  a 
shell,  such  as  shown,  having  a  maximum  diameter  of  7  inches,  and 
propelled  by  27  lbs.  of  powder,  will,  at  a  range  of  800  yards,  pene- 
trate with  facility  a  5-in.  wrought-iron  plate  supported  by  a  heavy 
backing  of  timber  and  iron  skin."* 

987.  Mr.  Whitworth  uses  the  flat  front  for  punching  armor, 
because,  as  it  is  generally  impossible  to  make  a  shot  strike  at 
exactly  the  right  angle,  a  round  end  vdll  glance.  The  shot  is 
made  largest  in  the  middle,  because  the  hole  made  by  the  head  is 
always  laiger  than  the  head,  thus  leaving  room  for  the  body  to 


*  "  In  the  year  1824,  Oaptain  Norton  completed  an  elongated  rifie-ehot  and  shell, 
and  in  1826,  we  ISnd  him  using  them  at  Dublin,  Woolwich,  Addiaooube,  and  Saod- 
herst,  as  well  aa  at  varioua  other,  places,  with  oomplete  suoceas.  *  *  "^  In  1832.  we 
find  CaptaiD  Norton  at  Windsor,  firing  a  Jlat-Jronted  steel  punch-formed  rifie-ahot  fhmi 
un  air-fpin  through  a  Life  Gruard^s  cuirass,  and  exploding  powder  placed  on  the  other 
Bide.  This  steel  pundi-fronted  rifio-shot  was  tested  at  Woolwich,  in  182S,  and  Captain 
Norton  stated  that  it  might  *  also  be  converted  into  a  shell  hj  drilling  a  hollow  tnbe 
into  its  front.*'* — Cor.  Mechanics^  Magazine,  Jan.  30, 1SG3. 
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paM  through  without  much  resuitanoe  and  better  flight    The  beitt 
cumpromi^e  resnlta  in  the  form  sliown. 

088.  The  diell  prupoBcd  by  Commander  8cott  for  punching 
armor,  with  a  percuiuion  fiue  in  the  rear,  ia  ahown  by  Fig.  284. 


PlO.  2R4. 


Fio.  SS5. 


SH9.  Captain  ParrottV  sliot  for  iron-clad  fighting  (Fig.  JH5)  in 
entirely  of  cai^t  inm,  but  i$  reduced  and  chilled  at  the  end,  which 
pre%'enta  itA  maiihing  like  strong  soft  cast  iron.* 

A##,  Tlie  liul^calib^e  Miot  and  ^hell 
pr(>po9«e<l  by  Mr.  StaflTord  <'249)  for 
punc'hing  armor^  are  aliown  by  Figa. 
2v;  and  2*^7.  Tlie  ht<»el  pnyectile, 
c«»vcred  with  wiMid,  Mmply  to  centre  it, 
Li  attai*licd  in  the  rear  to  a  piAt4>n  tlie 
full  aiie  (»f  tlie  bore,  m>  that  it«  weight 
ia  very  iimall  conipare<l  with  the  full- 
calibre  )>n>jerti]e  of  e4{ual  length,  while  tlie  area  uiKm  which  the 
powder  ai*t^  ia  the  name  fi>r  botiu 

Tlie  pn»jt*«*tile  in  n>tated  by  a  braiw  dink  attached  to  tlie  rear-  -a 
m<Mlifi<^tii»n  of  the  lUn^il  Hyutem  isjou 

999  A«  Tlie  tiub-calitirc*  projtHiile  nf  Mcnini.  Batea  &  Mary,  of 
New  Y«>rk,  i*  illu^trat4*d  by  Fig*,  i*^7  A  Ui  'JHT  E.  The  ftiUowini: 
ctinHid<*niti«>nrt  and  factA  are  qnot<«<l  from  the  inventor^  circular: 

^  The  engraring  hIiowa  the  »haft  projectile  (i*)  lH*fore  and  aft«T 


rWTcHt't  pl.<iC,  with  Hiilkxl  rtKl 


*  (*«•!•. rtin  •;  ^^r.t•aI  »l.t4  Imto  bt^n  a»(»re  rroroilj  ( 


>  with  ft  rhill  la  Kiih*^  l 
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loading.     It  occupies  about  one-eighth  of  the  space  in  the  bore  of 
the  piece,  and  is  of  equal  weight  with  a  ball  (b)  of  the  calibre  of 


Fig.  286. 


Stafford's  sub-calibre  puuchiDg  shot. 

the  gun.    It  may  be,  however,  of  greater  or  lesser  weight,  and 
of  greater  diameter  when  adapted  for  a  sheU.     The  form  of  the 

Pio.  28t. 


Stafford's  sub-calibre  punching-shelL 

end  of  the  head  may  be  square,  for  perforating  iron  armqr,  or 
conical,  for  entering  masonry  or  earthworks,  or  for  piercing 
ships  under  water.  By  a  proper  device  in  the  breech  of  the  gun, 
this  projectile  can  be  rotated  during  its  discharge,  but  the  true 
direction  of  its  flight  does  not  depend  upon  rotation.  The  prin- 
ciple of  its  projection  is  the  same  as  that  of  the  arrow.  The  centre 
of  gravity  is  placed  forward  of  the  centre  of  bulk  and  lateral 
resistance,  whilst  the  impulse  of  the  discharge  is  communicated 
to  the  shoulder  of  the  head,  by  an  annular  disk  (d),  at  a  point 
before  the  centre  of  gravity ;  the  tail  being  guided  in  the  minor 
bore  of  the  breech.  A  right  line  motion  is  thus  secured  in  the 
direction  of  the  axis  of  the  projectile,  and  any  tendency  towards 
tumbling  is  entirely  prevented. 

"  The  force  of  a  projectile,  or  its  impact,  may  be  expressed  by 
multiplying  its  weight  by  the  square  of  its  velocity ;  but  projec- 
tiles of  equal  weight  and  velocity,  but  of  unequal  resistant  areas. 
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will  differ  in  penetrative  powers,  as  the  square  root  of  the  ratio  of 
resiiitaat  areasi  in  favor  of  the  one  of  least  area.    Henoe  the  im- 


? 


portanoe  of  a  high  deyp^^e  of  vehicitv,  and  the  great  advantage  of 
rudacing  the  wn-tion  of  penetration.  •  •  • 

'*  The  force  of  tlie  gaa  being  exerted  in  every  direction,  the  long, 
32 
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narrow  charge  acts  with  proportionate  power  against  the  sides  of 
the  gun,  thereby  straining  it  far  more  than  the  shorter  charge  in  a 
bore  of  commensurate  diameter.  In  the  latter,  the  projectile 
absorbs  a  given  force  more  rapidly,  and  the  piece  is  the  sooner 
relieved  of  strain.  Influenced  by  these  facts,  a  large  diameter 
of  cartridge  has  been  deemed  essential  in  the  system  under  con- 
sideration. The  charge  is  contained  in  an  annular  cartridge  (c). 
Through  the  space  in  the  middle  the  tail  of  the  projectile  pasBCB 
in  loading. 

"  The  force  is  applied  to  the  base  of  the  head  of  the  projectile 
by  means  of  the  disk  (d),  as  shown  in  the  engraving.  It  fits 
loosely  on  the  tail,  and  occupies  the  bore  when  loaded,  and  guides 
the  head  in  passing  from  the  gun.  The  windage  is  stopped  by  a 
leaden  flange  inserted  in  the  rear  edge.  When  freed  from  the 
gun,  the  disk  is  stripped  from  the  projectile,  and  comes  to  the 
ground  within  range  at  command.  This  is  done  by  the  resistance 
of  the  atmosphere,  being  about  eight  times  greater  on  the  hrp 
surface  of  the  disk  than  on  the  head  of  the  projectile.  The  disk 
may  be  fitted  with  a  irnt  for  discharging  the  piece,  thus  dispens- 
ing with  the  usual  vent  in  the  gun,  and  thereby  increasiDg  its 
durability. 

"The  invention  described  requires  a  muzzle-loading,  smooth- 
bore piece,  fitted  with  a  small  bore  through  the  breech  for  the 
insertion  of  the  tail  of  the  shaft  projectile ;  or  the  piece  may  be 
adapted  to  contain  the  entire  projectile,  in  which  case  it  must 
have  a  differential  bore ;  or  a  jacket  can  be  fitted  to  cover  the  pro- 
truding tail  of  the  shaft,  in  pieces  which  are  fitted  in  the  manner 
shown  in  the  engraving,  should  it  prove  desirable. 

'^  The  advantage  of  the  rifle  motion  can  be  gained  without  the 
expensive  and  weakening  process  of  grooving  the  bore  of  the  gun, 
by  means  of  a  rifle-box  inserted  in  the  breech,  which  shall  act 
upon  the  rifled  tail  of  the  projectOe.  This  arrangement  leave? 
the  gun  smooth-bored  for  the  discharge  of  round  shot  or  shell.  It 
is  effected  by  stopping  the  bore  in  the  breech  with  a  dose-fitting 
bolt,  which  is  secured  in  place  with  a  screw. 

"  This  ordnance  will  fire  the  following  classes  of  projectiles:— 
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l6t«  RouikI  bhtit  and  t^hell,  or  other  nmooth-boro  niit^ile^.  2(1.  Shaft 
filiot  and  hhell  with  Bmooth-bore  motion.  3d.  Shaft  shot  and  ftliell 
with  rifle  motion.  Tlie  eaav  application  of  xhU  iniprovemeTit  to 
ordnance  already  in  8enri(*e  m  an  advantage  which  ii(  very  great. 
All  8m<M)th*l)ore  cannon  can  l)o  fitted  readily  according  to  thid 
ffvi^tem,  thus  va**tly  improving  their  efficiency.  ♦  ♦  ♦ 

"Tlie  rfiaft  proje<*tile  will  ntrike  M'itli  itn  kxt),  no  matter  at  what 
elevation  it  may  be  finnl,  or  U}  what  dis^tance  it  reaches.  Along 
the  entire  path  of  itA  flig)it  iU  axin  ig  maintained  in  a  tangi*nt 
to  the  trajectory.  *  *  *  It  will  not  nVvx'/i*/  or  glan(*o  like  a  round 
baU  or  rifle-ttliot,  but  will  pursue  the  original  direi*tion,  as  in  tlie 
air.  ^Vliether  it  1>e  dL<K*harg(*d  into  the  water  from  alN»ve  or 
lielow  the  surface,  \U  motion  ia  governed  by  the  same  principle. 
This  theory  has  been  pn>ved  in  prai*tice. 

^*  The  firht  trial  of  this  syntem  of  8h<M>ting  was  made  with  a 
m«Mlf!  cannon  alnrnt  sixteen  inclu^st  in  length  and  of  twc^inch 
Ixin*.  'Hh*  )N>re  of  the  breech  was  half  an  inch  in  diameter.  Tlie 
pn>jtH-tIIe  wciglicd  M*vent4*en  ounces  ^nd  was  finnl  with  three 
ounces  of  {K>wdcr.  The  target  was  a  white-oak  butt,  twelve 
inches  thick.  Round  balls  were  firiHl  first ;  their  {penetration  was 
aUmt  three  and  a  half  inches — the  shaft  ]>roj(H*tiIcs  went  entirely 
through. 

"The  Hocond  trial.-*  were  with  a  larger  piece.  A  12pounder 
cast'inm  gun  was  fitt(*d  l»y  lN>ring  the  bn*e(*h  f(»r  the  tail  of  the 
projwtile,  Tlie  len^li  of  the  Inire  wjw  40  indict ;  diameter,  4'«»a 
inc!ie«.  The  Icnijth  of  proje<*tile  wan  52  inches ;  diameter  of  the 
head,  one  in<'li  and  five^ightlis — 4»f  the  tail,  nifn*-ei;;htlis.  Tlic 
chief  <»l>je<*t  was  to  di^Hiver  the  ]»n»]H.*r  i>n>|>«>rtioti»  in  the  distri- 
bution of  weight  and  form.  Tlie  pMJectiles  <litrered  in  weight 
from  14  to  1*4  11m.  ;  m>me  <if  them  were  n»tateil  in  their  flight,  and 
oiheri  were  not  — but  when  fire<l  they  all  ser>-e<I  to  prove  the  the- 
ory of  the  f«ystem,  and  to  hh<iw  its  entire  feasibility  in  prarti<*«\ 
The  charge  was  fnirn  1 J  to  2  IIh.  of  |>owd<»r — lh«  di-k-*  weiglietl 
from  2}  to  8  IIh. 

*^  At  a  di«»tance  of  250  yanis  from  the  gun,  the  fin*«I  pn»je(*tile 
can  plainly  be  MH*n  sailing  like  an  amiw  through  the  air.     The 
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disk  invariably  cornea  to  the  ground  before  the  projectile ;  follow- 
ing it  at  an  ever-increasing  distance,  it  makes  a  trajectory  of  less 
elevation. 

^^  These  experiments  have  been  regarded  as  valuable  chiefly  for 
preliminary  objects,  and  to  test  any  seeming  objections  which 
might  arise  to  the  theory  and  practice  of  the  system/' 

S91.  Shells  for  Motten  Metal.— Figs.  288  and  289  show  Lan- 


Fio.  288. 


Fig.  289. 


Lancaster  shell  for  molten  metal. 


Sooit*8  shell  for  molten  metal 


ciister's  and  Scott's  shells  for  firing  molten  iron.  They  are  lined 
with  loam,  to  prevent  the  excessive  escape  of  heat  from  either 
expanding  the  shell  and  sticking  it  fast  in  the  gun,  or  from  igni- 
ting the  charge,  in  case  of  delay  in  firing.  Lead-coated  projectiles 
would,  of  course,  be  destroyed  by  the  heat  of  molten  metaL 

tl99.  CoaipeUttTe  Trial  of  Rifled  Oant. — ^In  1861,  a  com- 
prehensive experiment  on  six  different  systems  of  rifling  and  pn>- 
jectiles  was  made  by  the  British  Oovemment  Tlie  whole  of  tlie 
guns  were  new  Lowmoor  82-pounders,  of  58  cwt.  The  mean  of 
42  samples  of  the  iron  gave  a  tensile  strength  of  28501  Iba.  per 
square  inclu 

The  systems  were  as  follow : — 
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Britten'i^.  (The  projectile  used  on  this  oceaBion  is  ahown  by 
Fig.  277.)  Expanding  projectile ;  lead  attached  by  sine ;  weight, 
47  Ih«.  Five  grooveis  3  in.  wide  and  *062  in.  deep ;  on^  turn  in 
4$  feet 

Thomaii*ii  (Fig.  2^).  Expanding  projectile ;  lead  mechanically 
atta(*he<l ;  weight,  55  Iba.  Seven  gn>ove«,  1*8  in.  wide  and  *1  in. 
deep;  one  turn  in  18  feet 

Jeifery^B  (Fig.  274).  Expanding  itnijet-tile ;  lead  mechanically 
attat'hed ;  weight,  45^  11m.  Seven  circular  gnx)ve8,  1*65  in.  wide 
and  *12  in.  deep;  one  turn  in  04  feet. 

IlaildanV  (?'i;r.  ^  1 3).  Centering  system ;  projections  cast  on  tlio 
sliot;  weight,  51  IIm.  An  expanding  wad  or  a  wooden  sabot  were 
OM^d.  Thn*e  circular  grooves,  3*4  in.  wide  and  *15  in.  deep ;  one 
turn  in  25  feet. 

Lanca>«ter's  (Fig.  211).  Centeriqg  system ;  oval  bore,  with  *C  in. 
differenc-e  of  axis.  Pr()je<*tile  planed  to  lit  the  twist  of  the  rifling ; 
weijrht,  45J  11m,  ;  one  turn  in  20  feet. 

S<*«itt\  (Fig.  224 1.  Centering  system;  wings  set  to  the  angle 
of  the  rifling,  ca^t  on  the  projectile ;  edges  planed,  and  faced  with 
zinc  ;  weight,  3*^J  U>s.  Three  grooves,  1*S75  in^wide  and  '225  in. 
deep;  one  turn  in  4^  f(>et. 

S#S,  Tlie  e^tiniate<l  cost  per  thousand  of  these  projectiles 

WMJ^ 

Si'jtt 40    lU $9»s*S5 

H«44aa 47?  Ibt 96? 'I5 

LaMAitcr 494  Ibi 9*1  • 

Jr4rfy 49     lb« I4'*6-1$ 

Ermen 4-4  Ibi I5»7' 

Tbomtt 54f  lb« ft4lA»50 

Scnu<>(h'bi  rr,   ]S<lb    thrM IS     \h% 4l'*50 

Du.  4o.      ih.iC 3s     lb« 4>9'*S 

The  otimatetl  ci»^t  of  the  ritling  was  ♦l.s7  ta  ?2.50  per  gim. 

tf#4«  In  order  to  ]ierftM-t  the  various  M'4teni4  for  final  trial. 
s<»me  preliminary  e%{H*riment^  were  undertak(*n  during  IsV.*  to 
1*^«U,  tlje  4»nler  of  merit  U'ing  as  followh:— lladdan,  Britten, 
JvffvTy\  Snitt,  Lancaster,  Thomas.  The  results  are  ttliown  hy 
Table  KM). 
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S9S.  In  the  Bal^sequent  trial,  the  following  ajBtems  were  also 
introduced ;  weight  and  character  of  guns  the  same. 

The  IVeneh  plan  (Fig.  197) ;  centering  BjBtem,  3  studs  faced 
with  zinc ;  weight,  59*5  lbs.  Three  grooves,  1*919  in.  wide,  and 
23G3  in.  deep ;  increasing  pitch  from  0  to  4*652  in  88*548  calibres. 

Armstrong's  shunt  (Fig.  247) ;  centering  and  compressing  syfr- 
tern ;  zinc  ribs ;  weight,  50*5  lbs.  Three  grooves,  1*25  in.  wide 
and  *18  in.  deep;  1  turn  in  28  calibres;  and 

The  smooth  bore  32-pounder. 

The  results  of  this  trial  are  given  in  Table  102. 

To  obtain  a  direct  comparison  of  range,  it  was  then  determined 
to  make  a  new  trial  of  the  best  systems,  with  equal  relative  vhartfe^ 
of  tV  the  weight  of  the  shot. 

The  Armstrong  40-pounder  was  here  introduced.  Weight  of 
shot,  41*06  lbs. ;  compression  system ;  56  grooves ;  one  turn  in  36^ 
calibres. 

The  results  are  shown  in  Table  99. 

The  velocities  of  the  various  projectiles  are  given  in  Table  101. 

tl96.  Endusaj^ce. — The  endurance  of  the  guns  is  shown  in 
Table  ^4. 

Table  XCIV.— Endubakcs  or  CoMPinnTi  RaruD  Oum. 


OUK. 

Na  of  rounds 

Na  ofroonds 
fired  at  proof 

butT 

Charge. 
Iba.    01. 

I 

Wright  of      Tw^-^o-,,.. 
proJeetUa.      .To«  »lora»oa. 

Britten 

J^ffi^Tr 

Lancaster ... 
Haddan  .... 
Scott 

363 

"3 

100 

309 

3*7 
107 

1113 

1800 
90 

5  0 

s       « 

6  0 

7  0 

$0. 

47- 
50. 

$4-«* 

1486* 

363 
aooo* 

"$ 
309 

3*7 
107 

Shunt 

French   

•  Not  burst 
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The  Committeo  report  that  Mr.  Britten V  Byt^tem  obviougly  Btrains 
Uic  gun  least,  and  that  tlie  high  endurance  of  M>iue  of  the  otherH 
waft  oat  of  all  proportion  to  the  Btrain  imposed,  and  may  be  ac** 
counted  for,  ei^peciaUy  in  Mr.  Lancanter's  case,  by  the  accidental 
BU{)eriority  of  the  iron. 

The  following  mechanical  contiiderations  favor  this  view  of  the 
case,  bat  the  Cominittee*s  opinion  is  cliiefly  based  on  the  great 
endurance  of  several  other  guns  rifled  on  Mr.  Britten's  system,  as 
shown  in  Table  05. 

597.  The  Committee  believe  that  tlie  liability  of  the  projectile» 
to  jam  in  the  liore,  is  in  the  foIh>wing  order:  Lancaster  (most 
liable),  Scott,*  Iladdan,  Frent.li,  Shunt,  Thomas,  Jeflfery,  Britten. 

598.  Tlie  CommittiH?  l>elieve  that  the  liability  of  the  gun  to  be 
bant,  from  the  direct  t^train  of  rotating  the  hhot,  is  as  the  sine  of 
the  angle  of  the  rifling,  which  fi>r  the  guns  mentioned  is  shown  in 
Table  9«. 

599.  The  cup  at  tlie  bane  of  Mr.  Jeffeiy^s  shot,  and  the  sliding 
ring  at  the  base  of  Mr.  Lynall  Thomas's,  appeared  to  a{h<et  the 
lead  witli  unneoesAary  friction.  It  was  assumed  tliat  the  French 
shot  g«»t  through  the  bore  with  tlie  lea»t  friction. 

###•  The  driving  side  of  the  gnK>ves,  esjieciaUy  of  Mr.  Brit- 
ten*s  gun,  was  somewhat  worn  by  tlie  lead. 

The  gnH>ve«  of  Commander  Scott's  gun  were  not  perceptibly 
worn  by  the  projectile. 

6#l*  Ait  TRACT. — Tlie  order  of  accuracy  in  the  two  trials  was 
as  follows : 


FtrH  IVmI  Stnmd  TVioC 
IIa<idaB,  Prvncb, 

BntM,  Rhimt, 

^xM,  lladaaa, 

UncMltr,  Briiira, 

ThooMC 


•  IMrrrtMV  to  CnouDMMbr  8eott*«  rifliaff  (UO  ^^^  Justify  *  cii(r<>;viin»of  ofnaico 
TV*  ifiefiui  (>r  tlM*  •t^H  Mimplj  l»o<l«  Co  route  tli«  ipjo  Id  Um  oppoattr  dir^-tioQ :  tfiU* 
opm  It  by  t^t«*  r»iluii  •trmin.  diie  to  wmIit  iir  m  the  b(»rv.  ••  lo  Uw  i-mat  Of  W*..tirorth. 
,  mtvX  llaiS«Uo  (Si*«  •ip^niurnu  ml  Wumwh-Ii — M41 
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Tablb  XCT.— Bvdvravoi  of  Car-Ibon  Gmrs  vxwlmd  ov  Ub.  BBiTnoi*8  Stabm. 


Ovm. 

Chugfi. 

Bbot. 

Naof 
BouAda. 

1.--^ 

Ibc 

lU 

56  cwt.  3»-pdr.  No.  ft4.. 

$•5 

48 

10 

U                                M          

« 

7a 

10 

«                                M          

it 

96 

10 

«                                « 

«« 

"5 

10 

««                                M 

u 

140 

10 

M                                M 

•( 

165 

4 

/Bant    at    55th    rawid, 
\     March.  186ft. 

56  cwt.  31-pdr.  No.  »339..... 

M 

4« 

10 

M                                 M           

M 

7* 

10 

M                                 M 

l< 

96 

10 

M                                 « 

M 

lao 

10 

•«                             w         

M 

«44 

10 

«                                  M 

M 

.63 

7 

/Bunt    at    58tli    rowid, 
\     Jane.  186ft. 

95  cwt.  6S-pdr.  No.  6095 

7-5 

90 

10 

M                                 M 

IC 

«3S 

10 

M                                 M 

M 

180 

10 

M                                M 

M 

»a5 

10 

•«                                M 

M 

170 

10 

M                                M 

<C 

3«S 

10 

/Bam    at    6ift    itMnd, 
\     April,  186ft 

95  cwt.  68-pdr.  No.  6439 

7-5 

Same  order 

60 

Not  bum. 

68-pdr.  No.  818a 

7-5 
Service. 

«7 
Service. 

300 
no 

Uninjored. 
Notbortt. 

68-pdr.  bored  to  ^%-pdr 

The  Committee  Btate  that  the  comparative  inaocnracy  of  Com* 
mander  Scott's  ajBtem  was  attributed  by  him  to  bad  boring  and 
rifling.  The  saperior  straightness  of  ricochet  on  land  and  water, 
also  claimed  for  this  projectile,  the  Committee  do  not  consider  of 
moch  importance. 
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Tabu  XCVX— Pabticcuibs  of  Riruno  or  CoMPBirTm  Grxa. 


Adaptatiox  for  Round  Shot. — That  rifling  which  left 
the  l&r^cnt  part  of  the  original  bore  untouched,  wa«  luoi^t  effective 
with,  and  lea^t  injured  by,  round  shot  LancaiiterV  ftvhtem  wba 
mo^t  inacvuratc;  bovond  1()0<)  yards  it  waM  impracticabh*. 

The  rifle<l  gun,  with  lihallow  gruoven  and  broad  landis  fired  hphe- 
ri<*al  nhot  more  accurately  tlian  the  iim<N>th-bored  gun,*  as  hhown 
by  Table  103. 

6#S«  The  windatre  athletl  l»y  the  grooving,  in  the  variuu ;  sytn 
teniK,  M  tihown  in  Table  07. 

##^1*  C4mimand(*r  S<Hitt*rt  nystem  ban  the  advantage  in  this  par- 
ticular. But  windage  ia  not  ne(*e«Mrily  a  diiuulvantagf*.  It  may 
be  »to])|KHl  by  a  MilMit,  or  the  charge  may  lie  increaM.Hl  without 
iDcreaAiug  the*  Mrain  on  the  gtm  (H-19  note). 

##8*  E>n(*iKN'(T  or  PRfUK(Tii.r.. — Thif^  inviilvc**  initial  V4*l«>- 
city  and  capat-ity  Tor  bursting  chargi*,  Mr.  Hrttt4M^li^hot  hail  tho 
higlie^t  initial  vi^hxMty  of  tlu^i*  trit«cl  with  ^g  t-hargtii.     The  vfli>- 


•  Ti^  nmn^l  ftlit^,  mpr*  iaH/  wlira  tmi  with  •  mImiC,  wnUmh^adif  rvroiwd  » 
mnf  iiiotM4i  tram  ihm  nUiug. 
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TaBLB  XCVII. — WlNDAOl  OF  GoifPITITITS  RiFLKD  GUX& 


Lancaster ^'955  s^uve  inch 

Haddan 1.37  " 

French 1.36  ** 

Thomas i-a6  " 


Jeffery 1  •  14  tquve  inch* 

Britten i*oo         ** 

Shunt 0-67         ** 

Scott 0'53         •• 


city  of  Coiuniander  Scott's  projectile  was  uot  ascertained,  but 
its  superior  powder  capacity,  for  a  given  weight,*  is  shown  by 
Table  98. 

Table  XCVIIL — Burstiko  Chargsb  of  Shklia    TBul  of  1861. 


Name  of  sysUim. 

Weight  of  shell  empty. 

BnrstlDg  charge. 

BelaUre  weight  Of 
burstli^chanfof 

Scott 

lbs. 
38.8 
50.5 

59*4 
4$.8 
46.9 
51. 1 
45-4 
55-3 

lbs.        OS. 

4  '3 

5  >3 

0*104 

Shunt 

0*115 
0*090 
0*076 
0.073 
0*065 
0.055 
o.o«5 

French 

Lancaster 

Britten 

Haddan 

Teffenr  

Thomas 

!•  LiABiLrrr  to  Injury. — In  this  particular,  Commander 
Scott*8  and  Mr.  Haddan's  projectiles  have  a  very  great  advantage 
over  those  coated  or  studded  witli  soft  metal.  The  former  have 
the  further  merit  of  a  8ha])c  easy  to  liandle  and  to  pile.  A  fall, 
or  any  rough  handling,  would  obviously  mutilate  the  lead  cnp  of 
Mr.  Jeffery's  shot. 

607.  CoNCLrsioNs  or  the  CoMHrrrsE. — Mr.  Lynall  Thomas's 
system,  of  which  the  disadvantages  are  obvious,  from  the  fon- 


*  It  should  be  obeenred  that  the  ribs  od  Commander  Scott^s  ihell  strengthen  it  m»> 
terially,  and  allow  the  use  of  somewhat  thinner  walls  and  a  higher  borsdng  charge. 
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going  tallies^,  it>  not  even  mentioned  in  the  Committee*b  eonclu* 
hic»n^.*  Indeed,  Mr.  Lynall  Thomas  haa  subsequently  adopted 
the  centering  system  (538). 

The  first  place  is  awarded  to  Mr.  Baslilcy  Britten,  on  aeeouTit 
nf  the  hmall  strain  aiK>n  his  gun,  with  high  initial  veloeities. 

Mr.  Jeffery's  plan  is  ngec-teil,  l)ec*auiio  heveral  guns  tlius  rifled 
have  showed  a  low  endurance ;  and  bei'aut>e  the  lead  on  the  pro- 
jet'lile  is  greater  in  quantity,  more  easily  injured,  less  simply 
atta<-liiHl,  and  productive  of  greater  friction,  as  compared  with 
Mr.  Britten's. 

Mr.  Iladdan's  sy^tem  was  rejected  on  a(*count  of  the  weight  of 
the  projectile,  and  the  heavy  W(mm1  8alM>t  (1  lb.  5  oz.)  plac*e<l 
lM*hind  it.     His  rifling  was  also  calculate<l  to  burst  the  gun. 

Commander  S(*ott*s  hvstem  was  rcjiH'te^l  on  ai-count  of  inferii>r 
pnu*tice«and  the  low  endurance  of  the  gun.  But  thi^  n*je<*tion 
was  f{ualiHc«I  by  the  explanations  aln»ady  mentioned. 

Mr.  I^iu'ju^ter's  system  was  rcjecte<l  for  irregular  jinM-ticc,  with 
elongnttNJ  jin  well  as  spherical  shot« 

Finally,  the  committee  avow  a  c<msiderable  distru^t  o(  eabt 
iron,  of  the  quality  tunie<l  out  by  EngliAh  foundries,  as  a  material 
for  rifltnl  cannon,  except  with  such  n*strictions  as  to  cliarp*  as 
wouhl  limit  them  to  the  use  of  howitzers. 

Tlie  sy totems  of  (  ommaiidcr  S<*ott,  Mr.  Lanca^tcr,  ami  M«*<v*ni. 
Britten  an<l  Jeffery  (the  two  latter  in  one  gun,  with  Britten's 
gnMjving;,  alw*  the  French  system,  are  to  1h5  triinl  again,  on  a 
largi*r  m^ale,  and  with  the  improvements  suggested  by  previous 
pra(*tice.  The  guns  (7*inch  Inm*  and  7j^  tons  weight)  are  in  pn>' 
cess  of  omq»lction  at  W<Milwicli.  The  inm^r  tuU!  i»  cai«t  sti*el, 
ii»nlem*<l  in  oiL  In  otht*r  parti<«ulars,  the  guns  arc  similar  in 
cimntruction  to  the  Ann^tnMig  muaocle  loa<ling  lli^{i«»under,  and 
in  ca|>arity  to  the  Whit  worth  7- inch  rifle. f 

*  Mr.  TlK>mMi  (tocUci«>«l  flrma(  \)^  <*.,:). ty-two  mnjuoinir  roumii  alliilU«il  to  h.m. 

4  8  ftcv  th«  alKiw  WM  wrtttro,  Ui*  trial  of  ttttm  gun*  \im%  commrnrvd     Sm  Ap- 
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Tablb  XCVII.— Windage  of  GoMPinnys 

RiFLBD  GUK& 

Lancaster 

....     2*955  square  inch 

Jeflfery 

!•  14  square  inch* 

Haddan 

....     I't7             «• 

Britten 

1 .00        ** 

French 

....          •      yf 

....          I. 36                        •« 

Shunt 

0.67         « 

Thomas 

....         l'%6                       « 

Scott 

0-53        " 

city  of  Commander  Scott's  projectile  was  uot  ascertaiucd,  but 
its  superior  powder  capacity,  for  a  given  weight,*  is  shown  by 
Table  98. 

Tablb  ZGYIII.— Bubstino  CHARan  or  Shkll&    TBial  or  1861. 


Name  of  systttm. 

Weight  of  BheU  emptr. 

BuraUiif  charge. 

BelaUr*  w«lKht  «»f 

Scott 

lbs. 
38.8 
50.5 

59-4 
45.8 
46.9 
51. 1 
45-4 
5S-3 

Ibc       M. 

4  '3 

5  >3 

0'ia4 
0*115 
0*090 
0.076 
0.073 
0*065 
0.055 
o*oft5 

Shunt 

French 

Britten 

Haddan 

Tefferv  

J*""**/  

Thomas 

LiABiLmr  TO  Injury. — In  this  particular,  Commander 
Scott's  and  Mr.  Haddan's  projectiles  have  a  very  great  advantage 
over  those  coated  or  studded  with  soft  metal.  The  former  have 
the  further  merit  of  a  shape  easy  to  handle  and  to  pile.  A  fall, 
or  any  rough  handling,  would  obviously  mutilate  the  lead  cnp  of 
Mr.  Jeffery's  shot. 

607.  Conclusions  or  the  CoMHrrrsE. — Mr.  Lynall  Thomas^':i 
system,  of  which  the  disadvantages  arc  obvious,  from  the  tow^ 

*  It  should  be  obeenred  that  the  ribs  od  Oommander  8oott*s  shell  streogthon  it  ma- 
terially,  and  allow  the  use  of  somewhat  thtnner  walls  and  a  hi|^r  borstiiig  chaina. 
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go!  11^  tuhliv,  i«»  not  even  tuentioned  in  tlio  CommitUH.**^  eonclu- 
hionri.*  IuiIcch],  Mr.  Lynall  Thoinad  haa  BubscMjuently  adopted 
the  fentering  B}>tein  (538). 

The  fir»t  place  is  awarded  to  Mr.  Basliley  Britten,  on  account 
of  the  Mnall  strain  ii]>on  \m  gun,  with  high  initial  velot^iticxt. 

Mr.  Jefferj''*  ]>lan  is  n»jecte<l,  becauiH?  M?veral  guns  thui*  rifled 
have  hhowed  a  low  endurance ;  and  becauhO  tlie  lead  on  the  pro- 
jVvtile  is  greater  in  quantity,  more  easily  injurtnl,  lei^  dimply 
atturhed,  and  productive  of  greater  friction,  as  compared  with 
Mr.  Britten's. 

Mr.  IIaddau*s  <iy^tcm  was  rejei'ted  (m  account  of  the  weight  <»f 
the  pn>jiH:tile«  an<l  the  heavy  W4mnI  satiot  (1  lb.  5  oz.)  place<I 
lM>hind  it.     His  rifling  was  aliu)  calculates!  to  bun»t  the  gun. 

CfMunuinder  S<-ott's  M>tcm  wa*  rejccte*l  on  a«i*ount  of  inferior 
pnu'tice,  and  the  low  endurance  of  the  gun.  But  thin  n*jc<*tion 
was  ({ualifl4*<l  by  the  explanatitins  already  mentiontMl. 

Mr.  I,jinciu*ter's  system  was  rcje<*te<i  for  irregular  j)nwti4'c,  with 
elongat<*d  i%^  well  as  hpherical  shot. 

Finally,  the  committee  avow  a  couhiderable  distruht  of  cabt 
inm,  of  tht*  (juallty  tunie<l  out  by  EngliMi  foundries,  as  a  mat4*rial 
f«»r  riflM  cannon,  except  with  huch  n^ntrictions  as  to  charge  as 
wouhl  limit  them  to  the  us<>  of  howitzern. 

Tlie  hy»tems  of  (\>mman<lcr  Scott,  Mr.  I^nca^tcr,  and  Mt*»<«rH. 
Britten  and  Jeffery  (the  two  latter  in  one  gun,  with  Brittcn*8 
grooving),  aliM>  the  French  system,  are  to  Ikj  trie<l  again,  on  a 
largi*r  M*ale,  and  with  the  impn»vements  siiggei»t4*d  by  j»revious 
practice.  The  gun*  (7-inrh  Inire  and  7 J  t<ms  weight)  are  in  pn>* 
ecHH  <if  eomph'tiim  at  W«H>lwich.  The  inner  tuln*  in  caj*t  htcel, 
liunlemNl  in  oil.  In  <»thcr  particulars,  the  guns  arc  similar  in 
c«m^truction  to  the  Ann-«tn>ng  muaacU*loa<ling  lln.|M>und4*r,  and 
in  capacity  to  the  Whit  worth  7-iiu'h  rifle.+ 

*  Mr.  Tl*<>n«a«  fioclicM<d  flrmir  iLi*  ovl.ty^two  rrfnainitiir  rouDiU  aIIoCIpU  Co  hiin. 

f  8  ut^  tli«  B\ttrr9  WM  writtro,  Um»  trial  of  Uie««  ^q%  )^9  oo'oiDriioi«d     Sm  Ap- 
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Table  Cm. — SBOwnra  that  tbs  Rxtlb  is  mou  Aoovratm  thak 

BORB,   WITH  SpHXHIOAL  ShOT. 


THB  SMOOTH' 


Oun. 

No.  of 
roDodA 

• 
5 

Tim«of 
flight 

• 
Bakoki. 

Mean 

dltof 

Ob*?:?*.'**'!!- 

Mtn. 

MaT. 

Maan. 

langa.  |fl«€tloo.|  "J^ 

Smooth  -  bored     30- 
pounder  ••••• 

f   10 
(    10 

C  so 

0 
1 
5 

1 
5 

n 

3.40 

not  obt. 

3-59 
6. 59 

ydA 
10*7 

i«»3 

1063 
iSai 

Ida. 
»3»9 

is6o 
1988 

7d«. 
1146 

«994 

1171 
1881 

ydA 

70.8 

3».6 
44-9 

ydA        jdi. 
81        1.6 

3a-pounder  rifled  on 
shallow  Grooves... 

9.8        8  9 

7-8  '     »'7 
5.8  ,     5-» 

Charge,  in  all  catet,  10  Ibt.  \  shot,  3s  Ibt. 


DUTT    OF   KlFLKD   GuNS. 


608«  The  possibility  of  making  very  long  ranges  useful  in  land 
service,  where  the  gun-platform  is  fixed ;  the  immense  superiority 
of  rifled  projectiles  for  breaching  masonry*  (273) ;  the  advantage  of 


*  "An  aooount  of  some  experiments  carried  on  in  this  oountiy,  to  test  the  respectiTe 
powers  of  rifled  and  smooth-bored  guns,  in  breaching  masonry  at  a  long  range,  vis., 
1032  yards,  is  giyen  in  the  Proceedings  of  the  Royal  Artillery  Institution  (271).  With 
regard  to  these  experiments,  the  Ordnance  Select  Oonuuittee  made,  in  their  Report, 
the  fcdlowing  remarics:  *It  appears  that,  irrespectively  of  the  superior  concentration 
of  the  fire  of  the  rifled  guns,  and  its  consequently  greater  eflbct,  they  actually  per- 
formed half  as  much  work  again  as  the  smooth-bored  guns,  with  the  diminished 
expenditure  of  iron  and  gunpowder  noticed  in  a  previous  paragraph.'  Again  :  '  The 
precision  with  which  the  guns  could  be  directed  upon  any  point  it  was  intended  to 
strike,  gave  them  advantages  with  which  no  smooth-bored  ordnance,  firing  IVom  such 
a  distance,  could  compete ;  and  the  same  circumstances  would  have  rendered  it  almost 
impossible  to  retrench  or  defend  the  breacli,  for  the  fire  might  have  been  eontinoed, 
with  perfect  snfety  to  the  assaulting  columns,  until  they  were  within  a  very  few 
yards  of  it,  sweeping  away  all  obstacles  as  fast  as  they  could  be  laid,  and  without  the 
slightest  interruption  fW>m  the  musketry  of  the  defenders,  the  battery  bemg  quite  out 
of  their  range.* 

"  An  abstract  of  the  Prussian  experiments  at  Julich,  in  1860,  is  given  in  the  *  Pro- 
fessional Papers*  of  the  corps  of  Royal  Engineers.  The  conclusions  drawn  from 
these  experiments  were :  'That  rifled  ordnance  can  be  employed  advantageously  for 
firing  at  a  covered  object,  not  visible  fW>m  the  battery,  at  longer  ranges  than  smooth- 
bored  pieces ;  that  reduced  charges  may  be  used  successfully  with  projectiles  from 
rifled  guns ;  that  the  effect  of  the  shells  from  these  pieces  is  so  great  that  no  other 
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rifled  guns  on  shipboard,  for  supporting  troops  and  shelling*  dis- 
tant worksf  and  encampments,  and  their  occasional  excellence  in 
operating  against  ^rmor  (250),  warrant  every  effort  that  can  be 
made  to  improve  this  new  and  (considering  both  land  and  sea 
service)  most  useful  branch  of  ordnance4 

kinda  of  ordnance  are  required  for  breaching;  that  13*1b.  ahells,  fired  from  rifled 
guns,  are  sufficient  to  breach  quickly  a  good  wall,  of  moderate  strength ;  that  274b. 
ahellfl,  from  the  same  pieces,  can  destroy,  in  a  short  time,  embrasures  in  the  strongest 
masonry ;  and  that  57-lb.  shells,  trom  rifled  g^ns,  can  breach,  with  a  comparatively 
small  expenditure  of  ammunition,  the  strongest  masonry.'  '* — Mqj.  C.  H,  Oioen,  Jour. 
Boyal  U,  Service  Inst,  Aug.,  1862. 

*The  bursting  charge  of  the  110-pounder  Armstrong  7-in.  shell  is  8  lbs. ;  that  of 
the  68-pounder  8-in.  shell  is  only  2^  lbs. 

f  "  The  practical  object  of  attaining  exceedingly  long  ranges  must  be  for  attacking 
any  fortified  place,  or  for  bombarding  a  naral  arsenal,  so  as  to  be  able  to  fire  all  day 
and  night,  still  keepmg  out  of  the  reach  of  the  enemy;  and  to  drop  shots  and  shells 
with  impunity  into  apparently  inaccessible  places,  so  as  to  cause,  if  not  absolute 
ruin,  at  least  yery  considerable  annoyance,  to  any  naval  arsenal  or  maritime  estab- 
lishment. It  was  a  very  material  element  to  be  able  to  lower  the  elevation,  as,  by 
that  means,  the  accuracy  of  the  firing  was  increased,  or  a  longer  range  with  the  same 
elevation.  Thus,  for  instance,  with  2"  of  elevation,  the  range,  with  a  velocity  of 
1000  feet  per  second,  would  be  730  yards;  with  1300  feet  per  second,  it  would  be 
1230  yards;  with  1500  feet  per  second,  it  would  be  1620  yards :  the  latter  velocity 
giving  the  same  accuracy,  at  double  the  range,  which  the  initial  velocity  of  1000  feet 
could  command." — Jfr,  Bidder ,  Preat,  *^  Construction  of  Artillery,^*  Inst,  CiviL  Engineers, 
1S60. 

**  A  324b.  shot,  fired  from  an  Armstrong  gun,  at  33"  of  elevation,  ranged  9153 
yardfl. 

"  A  3-lb.  shot,  fired  from  a  Whitworth  gun,  at  35 **  of  elevation,  ranged  9688  yards. 

"A  175-lb.  shot,  fired  from  a  gun  of  Mr.  L.  Thomas,  at  37^*"  of  elevation,  ranged 
10075  yards. 

"  All  these  ranges  being  obtained  at  very  high  angles — over  SO"* — the  '  angles  of 
descent*  of  the  projectiles  must  have  been  very  great,  so  that  the  chance  of  striking 
an  object  in  this  manner  would  not  certainly  be  worth  the  powder  expended.  The 
difiSculty  of  judg^g  the  distance,  of  laying  a  gun  upon  an  object  at  a  long  range,  and 
of  observing  the  efflect  of  the  fire,  also  the  disturbing  influence  of  the  wind,  during  a 
long  time  of  flight,  will  confine  the  ranges  of  projectiles  used  for  military  purposes 
within  2000  yards;  or,  perhaps,  in  special  cases,  when  firing  at  masses  of  troops, 
ships,  buildings,  etc.,  to  3000  yards." — Maj,  Owen,  Jour,  Royal  U,  Service  Inst,  Aug., 
1862. 

X  Mr.  Benjamin  Robins  made  the  following  often-quoted  prediction,  one  hundred 
yean  ago; 

"  I  shall,  therefore,  dose  this  paper  with  predicting,  that  whatever  state  shall  thor- 
oughly comprehend  the  nature  of  rified-barrelled  pieces,  and,  having  facilitated  and 
completed  tiieir  construction,  shall  introduce  into  their  armies  their  general  use,  with 
a  dexterity  in  the  management  of  them,  they  will  by  this  means  acquire  a  superiority 
which  will  almost  equal  any  thing  that  has  been  done  at  any  time  by  the  particular 
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While  certain  conditions  of  daoceaa  aro  common  to  all  rifled 
ordnance,  the  kinds  of  work  to  be  done  are  so  various,  that  some 
special  provisions  would  appear  to  be  required  for  each.  It  is 
proposed  to  consider  briefly  the  principles  of  rifling,  the  require- 
ments of  each  service,  and  especially  the  features  of  the  most 
generally  useful  rifled  gun  and  projectiles  for  small  casemates  and 
turrets,  where  the  armament  will  certainly  be  limited,  if  the  pro- 
tection is  adequate.* 

As  far  as  iron-clad  warfare  is  concerned,  velocity  is  obviously 
the  most  important  consideration  ;  1st,  because  the  penetration-* 
(smashing  is  better  done  by  spherical  balls.  (See  193)— is 
as  the  weight  of  the  shot  into  the  square  of  the  velocity ;  2d, 
because,  at  the  necessarily  short  ranges  of  iron-clad  warfiu*e  (253), 
the  small  increase  of  accuracy  due  to  improved  balance  of  shot 
can  hardly  compensate  for  the  inaccuracy  due  to  an  unstable  plat- 
form ;  3d,  because  a  high  velocity  gives  a  low  trajectory  (640). 

609«  Object  of  Kiflino. — The  object  of  rifling  is  to  diminish, 
as  far  as  possible,  the  deviations  of  ordinary  shot,  due  to  the  follow- 
ing causes : 

1st.  Want  of  uniformity  in  figure  and  weight  around  the  longi- 
tudinal axis  of  the  shot  passing  through  the  centre  of  gravity. 

2d.  Position  of  the  centre  of  gravity  before  or  behind  the  centre 
of  figure. 

3d.  Resistance  of  the  air. 

ezoeUenoe  of  anj  one  kind  of  arms;  and  wiU  fall  but  little  abort  of  tbe  wooderfb 
effecta  wbich  biatories  relate  to  bave  been  fonnerl/  produced  hj  tbe  first  invenlon  d 
fire-arms." 

*  Gommander  Scott  apecifies  tbe  following  requirementa  of  naval  guna  {Jmr. 
Royal  U,  Service  Inst^  Dec,  1861):— 
"  A  nayal  gpin  tben  abould, 

Ist.  Be  simple  in  its  construction. 

2d.    Be  not  liable  to  ii^ury  from  blows  or  waatber. 

3d.    Fire  a  ahot  of  large  diameter  (fhun  8  to  10  incbea  or  moie). 

4tb.  Be  able  to  uae  tbe  amaabing  round  ball  at  oloae  quarters. 

6th.  Giye  a  flat  tri^ectory. 

Gtb.  Have  projectflea  whicb  deflect  little,  and  riooobet  atnigbt  and  avenl/. 

"^tb.  Fire  elongated  molten  iron  abella. 

8th«  Fire  elongated  powder  abella,  near  or  acroaa  abipa,  Ac,  wHb  aalbtj. 

9tb.  Fire  sbr^neU  or  built-up  abella  over  boata  witb  aafirtj. 
lOtb.  Fire  caaiater.** 
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In  addition  to  these  causes  of  inaccuracy,  the  following  are 
common  to  all  projectiles,  and  cannot  be  modified  by  rifling : — 
The  action  of  wind,  the  rotation  of  the  earth,  and  the  want  of 
horizon  tali  ty  of  the  axis  of  the  trunnions.^ 

610«  L  By  rotating  the  projectile  around  its  longitudinal  axis, 
the  direction  of  these  deviations  is  so  rapidly  shifted  from  side  to 
side,  that  the  shot  has  no  time  to  go  far  out  of  its  course  either 
way, 

IL  As  an  elongated  bolt  c^n  be  steadied  by  this  rotation,  a 
given  weight  of  projectile  can  be  put  into  such  a  form  as  to  oppose 
the  least  practicable  cross-sectional  area  to  the  air,  and  thus  to 
receive  the  least  practicable  retardation  of  velocity.  Tlie  cross- 
sectional  area  of  a  100-lb.  spherical  shot  is  67*1 ;  that  of  the  Par- 
rott  or  Armstrong  100-lb.  rifled  projectile  is  from  32  to  38*5  square 
inches. 

61 1.  The  resistance  of  the  air  is  assumed  to  be  as  the  squares 
of  the  diameters  of  the  projectiles,f  or,  in  this  case,  nearly  as  4 

*  "  We  have  no  levels  for  adjuBting  the  truDniona,  and  therefore,  when  a  piece  ia 
elerated  for  a  long  range,  there  ia  no  certainty  tliat  the  axis  is  in  the  yertical  plane  of 
the  point  aimed  at. 

"  Onr  sights  for  cannon  are  of  the  most  clumsy  construction.  There  ia  no  difficulty 
in  applying  a  telescope  and  quadrant  to  our  guns,  intended  for  a  long  range,  with  sudi 
adjustments  for  coilunation,  that  at  the  distance  of  4  or  5  miles  the  chance  would  he 
in  &yor  of  hitting  a  target  of  60  feet  square  every  time.  If  any  one  will  look  at  the 
impression  made  by  the  shot  from  Parrott  g^ns  on  the  Crow's  Nest,  the  only  opinion 
he  will  have  will  be,  that  the  sighting  for  the  direction  in  altitude  is  better  than  that 
for  azimuth.  Telescopes  for  this  purpose  should  haye  semi-object  glasses  and  lenses." 
— (7.  Wimunt 

f  "If  an  elongated  shot  and  a  ball  of  equal  weight  be  fired  with  the  same  initial 
▼elodty  and  angle  of  elevation,  the  former  will  be  less  retarded,  and  will  consequently 
range  farther  than  the  ball,  for  the  diameter  of  the  elongated  projectile  being  smaller 
than  that  of  the  hall,  the  elongated  shot  will  not  oppose  so  great  a  surface  to  the 
resistance  of  the  air  as  the  ball  For  instance,  if  a  12-lb.  Armstrong  projectile  and  a 
12-Ib.  ball  be  moving  with  the  same  velocity,  the  resistance  of  the  air  being  assumed 
to  YBiy  as  the  squares  of  their  diameters, 

The  diameter  of  the  la-lb.  Armstrong  shot =3  inches. 

"  «  ball=4. 5  inches. 

Therefore  the  resistances  will  be  as  9  :  20 '25,  or  i  t  a*  15. 

From  which  It  appears,  that  the  resistance  opposed  to  the  ball  is  more  than  twice  that 
which  acta  against  the  Armstrong  projectile ;  and  this  comparison,  though  rough  (for 
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to  1.  At  a  velocity  of  1200  feet  a  second,  which  is  aboat  the 
initial  velocity  of  rifled  cannon  projectiles, 

An  Armstrong  lOO-lb.  iliot  will  be  roiited  by  a  force  of  431  Ibt. 
*«  40-lb.  "  *«  103  Ibi. 

*«  ao-lb.  "  «<  1*7  Ibt. 

•«  i»-lb.  .     ••  «*  79  lbs. 

Therefore  range  as  well  as  accuracy  are  greatly  promoted  by 
rifling. 

61 9«  Accuracy.* — ^The  specific  effect  of  rotating  the  shot  is 
thns  stated  by  Mr.  Longridge  rf 

613.  Want  of  SrMMBrrBT. — "If  the  material  of  the  shot  be 
not  homogeneous,  or  its  form  be  not  symmetrical,  the  resistance 
of  the  air  causes  the  projectile  to  deviate  from  the  tme  line  of 
flight.  Again,  if  the  centre  of  gravity  be  behind  the  centre  of 
the  figure,  the  shot  will  turn  over.  Lastly,  if  the  shot  leaves  the 
gun  with  a  rotation  ariHing  from  striking  or  rubbing  against  the 
inside  of  the  chase,  and  is  not  determined  by  any  specific  direc- 
tion,  it  will  fly  off  to  one  side,  or  the  other,  according  to  the  acci- 
dental  circumstances  under  which  it  leaves  the  gun. 

'^In  Fig.  290,  let  A  B  be  a  shot  projected  in  the  direction  of 
the  arrow.  Now,  if  the  front  end  be  not  symmetrical,  but  be 
formed  as  shown  at  B  C,  it  is  evident  that  the  resistance  of  the 

FlO.  290.  FlO.  S91. 
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air  will  cause  the  shot  to  deflect  in  the  direction  D  E  (Fig.  291), 
and  that  its  path,  as  pn>jected  on  a  horizontal  plane,  would  be  a 
curve  to  the  left  of  D  G.    If,  however,  the  shot  rotates  on  its 

the  obliquity  of  the  axis  and  the  form  of  the  point  of  the  elongated  shot  are  ool  ooo- 
BideredX  is  8uflQciently  aoourate  to  aoooiint  for  the  resulta  obuined  in  practtoa.** — 
Maj,  Owen,  Pntf.  o/ArtiUery,  WoolwicK    Jour,  Royal  U.  Service  Iful,  Aug^  1861 

•  See  also  Competitive  TriaU  of  1861  (59a). 

t  Appendix  to  **  Gonatniction  of  Artilierjr/'    IntL  Civil  £ngineera»  1860. 
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axiB,  the  extent  of  lateral  deviation  is  limited,  and  the  shot  is 
brought  back  from  E  towards  the  axis  D  G.  Now,  it  is  generally 
stated  and  believed,  that  this  retrograde  motion  goes  on,  until  the 
shot  reaches  a  point  F,  as  far  to  the  right  of  D  G  as  E  was  to  the 
left,  and  that,  in  fact,  the  shot  travels  in  a  spiral  around  the  axis 
D  G,  its  greatest  deviation,  at  any  part  of  its  path,  being  the  dis- 
tance E  ^  or  F  yi  This,  however,  is  not  the  case.  The  path  of 
the  projectile  is  of  a  much  more  complex  form,  and  results  in  a 
deviation,*  increasing  uniformly  with  the  distance  from  the  gun, 
and  depending  as  to  its  direction  on  the  direction  of  the  deflecting 
force,  at  the  moment  of  its  first  application.  If  A  be  the  gun 
(Fig.  292)  seen  projected  on  a  horizontal  plane,  and  the  deflecting 
force  acts  on  the  shot  as  it  leaves  the  muzzle,  in  a  vertical  direc- 
tion downwards,  the  general  projection  of  the  line  of  flight  will  be 
a  line  A  B,  deviating  to  the  right,  or  to  the  left  of  A  C,  according 
as  the  twist  is  left,  or  right  handed.  If  the  deflecting  force  acts 
in  the  opposite  direction,  the  shot  will  be  deflected  to  the  right  of 
A  C,  and  whatever  be  the  direction  of  the  deflecting  force  at  the 
first  exit  of  the  shot,  the  deviation  will  be  a  uniformly  increasing 
one  at  right  angles  to  it.  But  the  line  A  B  is  not  absolutely  a 
straight  line ;  it  is  a  curve  of  double  curvature,  and  if  projected 
on  a  vertical  plane  at  right  angles  to  the  axis  A  C,  would  consist 
of  a  series  of  cycloidal  curves  (Fig.  293),  increasing  the  distance 


FlO.  293. 

t  ^ 

of  the  shot  from  A  C  by  the  length  A  a  of  one  of  these  cycloidal 
cnrves  at  each  revolution.  The  length  of  each  of  these  cycloidal 
curves  depends  upon  the  amount  of  the  deflecting  force,  and  the 
number  of  them  is  equal  to  the  number  of  revolutions  made  by 
the  shot  in  its  flight..  The  formula  for  calculating  these  curves  is 
given  in  the  note  before  referred  to,  and  Table  104  gives  the  results 
as  calculated  for  the  several  guns  tlierein  mentioned,  and  the 
aggregate  deviation  from  the  line  of  axis  of  the  gun,  at  a  distance 
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of  1000  yards,  and  for  a  deflecting  force,  which  would  have  given 
a  deviation  of  10  yards  to  a  non-rifled  shot,  projected  under  the 
same  circumstances." 

Tabls  Crv.— Twist  ahd  Ditiatiok. 


NanMofOon. 

Amoont  of 
Twiat. 

Nomber 

of 

Taraain 

1000 

jardik 

Breadth  of  Cjdoid. 

LenfthofCfdold. 

Totd 
D«TUtluafB 
lOUOrarda. 

Haddan 

I  in  50  ft. 
I  in  10  ft, 
I  in    5  ft. 

60 

300 
600 

T^th  of  an  inch 
y^thofan  inch 

^th  of  an  inch 

yilfth  of  an  inch 

7^tiiofan  inch 

1*  incho. 

Annttrong 

Whicworth 

o*4  tack 
0'%  inch. 

614.  ''The  aggregate  amount  of  deviation,  even  with  the  very 
slow  twist  of  Mr.  Haddan's  gun,  is  very  small,  and  this  teaches, 
that  as  far  as  the  correction  of  the  deviation,  due  to  want  of  sym- 
metry, is  concerned,  the  more  rapid  twists  of  Mr,  Whitworth's  and 
Sir  W.  Armstrong's  are  unnecessary. 

''  It  is,  however,  necessary  that  the  rotative  momentum  be  suf- 
ficient to  keep  up  the  spinning  motion  to  the  end  of  the  flight  of 
the  shot,  and  this  may  require  a  greater  degree  of  twist  than  would 
be  required  simply  for  the  purpose  of  correcting  the  deviation  due 
to  the  deflecting  force.  Experiments  are  wanting,  to  show  the 
decrease  of  rotation  due  to  the  friction  of  the  projectile  in  the  air. 
In  Mr.  Haddan's  projectile,  with  an  initial  velocity  of  1300  feet 
per  second,  the  number  of  revolutions  would  be  twenty-six  per 
second ;  and  it  does  not  appear  likely  that  this  would  be  much 
reduced  in  the  few  seconds  of  the  projectile's  flight,  even  to  its 
most  distant  range.  Hierefore,  in  this  respect  also,  the  rapid  twist 
adopted  by  Mr.  Whitworth  and  Sir  W.  Armstrong  appears  unne- 
cessary (619). 

615.  Centre  of  GftAvmr. — ''  The  next  point  for  consideration 
is  the  influence  of  the  position  of  the  centre  of  gravity  before  or 
behind  the  centre  of  figure  of  the  shot*    The  gyroscope  affords 

*  '^It  VTM  also  found  in  the  experiments  tried  bf  the  French  Comnieaaii,  tlint 
when  the  centre  of  gravity  of  an  elongated  projectile  was  near  th«  (Vonti  tlie  poinl  of 
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an  excellent  means  of  tUoAtrating  thiA,  If  a  weiglit  be  attaciietl 
to  the  axib  of  tliU  instrument,  when  in  rotation,  the  axis  will 
deviate  in  the  same  direction  as  the  rotation,  if  the  weight  lie 
behind  the  revolving  disk,  and  vice  versa. 

^*  Tlie  velocity  of  this  horizontal  deviation  of  the  axis  is  smaller 
as  the  rotative  velocity  is  greater.  If,  then,  in  a  rifled  £^hot,  the 
centre  of  gravity  be  behind  tlie  centre  of  the  figure,  the  shot  will 
deviate  to  the  right,  with  a  right*han<k*fl  twit^t.  If«  on  the  otlier 
hand,  the  centre  of  gravity  be  forward,  the  deviation  will  be  to  the 
left ;  and  the^e  deviations  will  bo  greater  as  the  velocity  of  rota- 
tion iii  le^s ;  that  is  to  say,  as  the  twist  is  slower.  Here,  then,  tlie 
advantages  of  a  rapid  twibt  are  nlanife^t,  but  it  muot  bo  borne  in 
mind  tliat  the  deviation  here  sought  to  be  Cimnteracted  is  solely 
due  to  the  centre  of  gravity  l>eing  placed  l>cfore  or  beliind  the 
centre  of  the  figure ;  and  if  these  centres  coincide,  no  tendency  to 
deviate  exists  (243)* 

61#,  FucnoN  AOACVST  THS  AiB. — '' The  next  cauM  of  devia- 
tion U  from  tlie  friction  of  the  hliot  against  the  air.  If  a  Ixnly  be 
revolving  rapidly  in  any  fluid  pressing  e^^ually  again^t  it  in  every 
dire<*tiim,  it  is  obvious  that  the  only  etle<*t  of  the  fluid  is  to  diiuin* 
U\u  and  finally  to  di*^troy  tlie  vehM-ity,  without  changing  tlie  {hm- 
tion  of  tlie  axis  A  ( Fig.  204).  But  if  the  fluid  preM  with  a  greater 
force  on  the  side  B«  for  iuhtance,  tlian  on 
C,  the  axi«  will  move  in  the  dirc<-tion  D. 
Again,  if  the  velocity  of  motion  he  greater 
at  F  tluui  at  (1,  the  tendency  Li  to  move 
the  axi^  in  the  direction  A  C. 

•  17.  Now  in  the  caK2  of  an  elongated 
rifled  i^hot  lN>th  thebo  actioiu  take  place. 
The  pn-saure  of  the  air  ii*  always  greatcbt 

0i»ch  pr>)<HHiIe  dnM>fMKl  br!<iw  thr  lT^*<%orr,  to  lU  flitfi  t;  Ui«l  vh«m  the  ornir*  of 
grsvit/  mm»  D«-«r  iho  rrar.  tlio  uU  dna't"**^-  ^"*^  ^-"^  *^**  **  ^'*<^  omim  </  irt»iitT  wm 
til  i\.^  crntv^  o(  the  lcu«rth  of  the  pn>}««n.t«»,  t).«  at.*  of  ■ui'h  (ir<>j<Niilfl>  rrmx  ;«(<1  ctMo- 
t\iru\  mth  t>.o  linoof  trvvttiTT  thrriU,;h<Hit  lU  Kvht  It  wan  obrKMis  t)^t  xh^  rrmttU 
•arv  vf  Um  air  wimlii  U*  9I  %  tunumuin  in  tl^  UjiI  psim*.  aud  thii  ci{'U«ord  the  im* 
ir^ftvniMtil  Uua  WM  rffcctod  to  the  rmnj^  oT  Ih-  W:  jiwortli  pnj||«-ct.:.«.  br  u^M-no|r 
U«a  m  Uw>  rmr  m  wdU  m  ia  Um  ftt»t  *— Jf*'.  t'^ayWjre.  "  O^njAr^x*^  ^  ArUMry* 
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on  the  under  aide,  and  conseqnentlj  the  axiB  is  moved  in  the  diree- 
tion  of  the  twiat.  Moreover,  the  side  F  is  always  meeting  the  air, 
with  the  velocity  due  to  the  sum  of  the  velocity  of  rotation  and  the 
falling  velocity  of  the  shot ;  whereas  the  opposite  side  is  meeting 
the  air,  with  the  velocity  due  to  the  difference  of  these  two ;  con* 
sequently,  the  effect  is  to  roll  the  shot  upwards,  in  the  direction 
F  H,  and  sideways  in  the  direction  B  E ;  the  actual  result  being 
a  deviation  in  some  intermediate  direction  A  M. 

618*  '^The  deviation  above  considered,  which  is  unavoid- 
able in  all  rifled  shot,  is  greater  as  the  twist  is  greater,  and 
may  possibly  vazy  as  the  square  of  the  velocity  of  rotation. — i.  ^., 
as  the  square  of  the  rate  of  twist.  It  will  probably,  also,  be  a 
good  deal  affected  by  the  nature  of  the  rifling,  being,  of  course, 
greatest  with  a  rough  rifled  surface. 

^'  The  deviation  due  to  the  friction,  as  last  described,  is  always 
in  the  direction  of  the  twist.  It  may  therefore  be,  to  some  extent, 
counteracted  by  the  gyroscopic  deviation  of  the  shot,  if  the  centre 
of  gravity  be  placed  in  advance  of  the  centre  of  the  figure.  This 
gives  a  deviation  to  the  side  opposite  to  the  direction  of  twist,  so 
that  the  actual  deviation  is,  in  one  case,  the  sum,  and  in  the  other, 
the  difference  of  the  two  deviations.'* 

61 9«  As  to  the  rate  of  twist,  Captain  Blakely  says  :* 

"Many  experiments  have  been  made,  with  a  view  to  determine 
the  exact  length  of  bullet  each  degree  of  twist  can  steady.  Amongst 
others,  I  may  mention  those  of  Mr.  Dove,  of  Olasgow,  who  had  a 
set  of  steel  barrels  rifled,  of  precisely  the  same  length,  weight, 
diameter  of  bore,  and  shape  of  groove ;  the  only  difference  being 
in  degree  of  twist.  He  found  that,  with  one  turn  in  50  diametera, 
he  could  fire  a  bullet  three-and-a-quarter  diameters  in  lengtli ;  with 
one  turn  in  60  diameters  he  could  use  a  bullet  2)  diameters  in 
length ;  with  one  turn  in  75  calibres  the  bullet  might  be  a  little 
more  than  If  diameters  in  length. 

690.  "  The  Swiss  Government  about  the  same  time  made  simi* 
lar  experiments,  and  determined  on  the  use  of  a  military  rifle, 

•  Joonial  R071I  Uoited  Seirioe  Inst,  Uardi,  186L 
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tVt  ^-  i^  bore,  throwing  a  buUet  2*44  calibres  long,  with  only  one 
turn  in  80  calibres.  The  apparent  discrepancy  of  these  results  is 
explained  by  the  very  great  charge  of  gunpowder  used  by  the 
Swiss.  Their  bullets  weighing  less  than  half  as  much  as  the  En- 
field or  Mr.  Whitworth's  bullets,  a  man  can  use  a  charge  of  pow- 
der which  would  disable  him  if  he  attempted  to  use  it  with  a 
heavier  bullet;  he  consequently  obtains  much  greater  initial 
velocity. 

031.  ^^  General  Jacob  made,  perhaps,  the  most  extensive  series 
of  experiments  ever  undertaken  by  an  individual.  He  found  that 
a  bullet  2i  calibres  in  length  could  be  kept  point  foremost  by  firing 
it  from  a  barrel  with  a  twist  of  one  in  57  calibres,  even  when  the 
point  was  lighter  than  the  base.  While  General  Jacob  and  Mr. 
Dove  were  making  experiment*  at  their  own  expense,  Mr.  Whit- 
worth  was  making  some  at  that  of  the  country.  As  he  has  taken 
out  patents  for  any  improvements  he  has  made,  they  can  be  accu- 
rately ascertained  from  his  published  specifications,  so  I  need 
only  briefly  refer  to  them.  The  bullet  he  wishes  to  introduce  into 
the  military  service  of  this  country  is  8  calibres  in  length,  and 
weighs  520  grains.  With  80  grains  of  powder  he  can  project  tliis 
bullet  from  a  rifle-barrel,  having  one  turn  in  46  diameters,  to  a 
distance  of  upwards  of  a  mile  with  astonishing  accuracy.  The 
initial  velocity  is,  however,  not  great,  and  the  rifle  is  very  expen- 
sive, depending  for  its  accuracy  on  workmanship  only,  not  on  the 
development  of  any  new  principle.  We  may  fairly  consider  it 
proved  by  General  Jacob,  by  Mr.  Dove,  and  by  Mr.  Whitworth, 
that,  with  a  moderate  initial  velocity  of  btdlet,  one  turn  in  46 
or  50  calibres  is  ample  to  give  rotation  to  the  longest  rifle 
bullet  required.  We  may  also  accept  the  theory  acted  upon  by 
the  Swiss,  viz.,  that  with  greater  initial  velocity  less  turn  will 
suflSice,  and  the  converse  as  proved  by  the  Sardinians,  who  use  a 
small  charge  of  gunpowder,  but  the  extremely  short  twist  of  one 
turn  in  26  calibres.  All  the  bullets  I  have  referred  to  were  solid, 
and  some  tapering  at  both  ends."* 

*  "As  regarded  the  rate  of  twist,  measured  in  tenns  of  the  calibre,  acxx>rding  to  Major 
CroquiUet  of  the  Belgian  artillery,  the  torn  of  the  grooves  should  be  to  each  other,  in  all 
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699.  With  reference  to  the  rates  of  twist  to  length  of  bore,  Mr. 
"Whitworth  mentions  the  following  facts  :* 

"The  rifle-twist  in  the  80-pounder  gnn  was  one  turn  in  100 
inches ;  in  the  12-pounder  it  was  one  turn  in  60  inches ;  and  in 
the  small  3-pounder,  it  was  one  turn  in  40  inches.  With  respect 
to  the  degree  of  rifling  adopted  in  the  Whitworth  guns,  enabling 
the  powder  to  be  consumed  more  effectually,  the  following  exj)eri- 
ment  was  mentioned :  Two  barrels,  alike  in  diameter  and  bore, 
were  prepared ;  all  the  conditions  were  identical,  except  the  dif- 


rifled  arms,  as  their  calibres,  proTided  the  projectiles  were  similar.  Colonel  Theroux. 
of  the  French  artilleiy,  gave  a  similar  formula,  for  determining  the  proper  twist  of 
grooves,  for  firing  elongated  balls.  II  (the  helix  or  twist) =56  8  D;  D  being  the 
diameter  or  calibre.  This  rate  of  twist  was  also  found  to  be  the  best  in  (reneral 
Jacob's  experiments,  and  was  adopted  in  his  pattern  rifle.  The  ratio  of  twist  to  oalibRv 
ranged  firom  1  turn  in  20  calibres  to  1  turn  in  136  oalibres.  In  the  case  of  each  par> 
ticular  gun,  or  rifle,  all  four  ratios, — ^weight  of  powder  to  tliat  of  projectile — weight  of 
projectile  to  cross-section — rate  of  twist— and  length  of  bore — must  be  considered, 
together,  and  in  connection  with  each  other.  For  there  were  diflbrent  means  for 
effecting  the  same  ends;  and  in  man/  cases  a  defldency  in  one  of  the  foar  rmlioa 
might  be  made  up  by  an  excess  in  another.  Thus,  in  the  case  of  the  twi^  its  object 
was  to  give  a  certain  amount  of  rotation  to  the  ball,  as  it  left  the  muzzle.  This  requi- 
site amount  of  rotation  might  be  obtained— either  by  means  of  a  rapid  twist  com- 
bined with  a  low  initial  velocity,  or  by  a  slower  twist,  combined  with  a  high  initial 
velocity.  The  first  mode  was  adopted  in  the  Sardinia  Bersaglierin  rifle,  where,  with  a 
projectile  0*65  in  diameter,  not  a  diameter  and  a  half  in  length,  and  weighing  530 
grains,  the  charge  was  only  54  grains,  or  little  more  than  ono-tenUu  The  initial 
velocity  was,  consequently,  exceptionally  low — and  a  very  rapid  twist  was  required 
to  establish  the  necessary  rotation  in  the  balls.  The  twist  was,  aooordingly,  1  turn  ia 
17  inches,  or  m  26  calibres.  The  second  method  was  adopted  in  the  Swiss  Federation 
rifle.  In  this,  instead  of  one-tenth,  the  charge  of  powder  was  one-fourth  the  weight 
of  the  ball  This  produced  so  high  an  initial  velocity,  that  1  tarn  in  71  oalibves  wat^ 
flood  to  establish  the  requisite  amount  of  rotation  in  the  ball  Each  of  tbeae  two 
methods  would  secure  equal  accuracy,  in  flring  at  a  mark,  at  a  known  distance ;  bai 
the  Sardinian  rifle-ball  would  have  a  much  higher  tngectory,  and  much  less  peoetj^- 
tion,  than  the  Swiss.  Rapid  rotation  could  not  be  combined,  beyond  a  oertatn  •xteot, 
with  a  high  initial  velocity,  unless  the  projectile  was  made  with  projections  to  fit  the 
grooves.  Without  such  projections,  at  high  initial  velocities,  the  ball  would  *  strip,* 
or  be  driven  out  without  taking  the  rifling.  Hence,  those  experimeotert  who.  IQce 
General  Jacob  and  Mr.  Whitworth,  had  obtained  the  greatest  results,  bj  disopniii^ 
clearly  the  advantage  of  combining  the  accuracy  of  rapid  rotation  with  high  initial 
velocity,  and  its  consequence,  a  flat  trajectory  and  great  penetration,  had  adopted  pro- 
jectiles made  with  projections  to  flt  the  grooves;  and  he  believed  such  prqfectite 
were  destined  to  supersede  those  which  were  forced  into  the  guna  by  the  ezpkaian 
of  the  powder.'*— ifr.  Cmyheart,  **  Omstntetkn  of  ^Hiaery."  iiul  Oimi  Agmatn^  1 860. 
*  '*  ConstnicdoQ  of  Anfflery.**    Inst  Civil  Engineera,  1860. 
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ference  of  twist  in  the  rifling.  One  barrel  had  two  turns,  and  the 
other  had  four  turns.  It  was  found,  on  placing  them  both  at  an 
elevation  of  1®  20',  and  firing  them  with  50  grains  of  powder,  that 
they  each  carried  the  shot  to  about  the  same  height  on  the  target. 
Mr.  Whitworth  then  fired  them  with  an  increased  chaige  of  pow- 
der, and  the  barrel  with  two  turns  sent  the  shot  considerably 
higher  upon  the  target,  while  the  barrel  with  four  turns  sent  its 
shot  but  very  little  higher  than  with  the  small  chaige.  A  length 
of  10  inches  was  then  cut  ofif  the  latter  barrel,  leaving  only  three 
turns,  and  it  was  fired  again  with  the  increased  charge.  The 
result  was,  that,  the  elevation  remaining  the  same,  it  threw  its 
shot  higher  on  the  target  than  the  other  barrel.  This  showed  that 
rotation  must  bear  a  due  proportion  to  the  length  of  the  barrel.  It 
was  desirable  to  have  as  much  rotation  as  possible,  taking  into 
consideration  the  length  of  the  gun.  With  a  very  long  gun  it  was 
not  advisable  to  have  very  rapid  rotation,  as  the  quick  turn  of  the 
projectile  was  most  felt  at  the  muzzle." 

933.  The  greater  the  specific  gravity  of  a  shot,  the  less  velocity 
of  rotation  it  will  require,  for  this  velocity  will  be  less  diminished 
during  flight  by  the  friction  of  the  air.  The  inaccuracies  of  weight 
and  figure  are  also  likely  to  be  less  in  proportion  to  the  mass.  The 
extraordinary  accuracy  of  the  13'3-in.  (600-pounder)  Armstrong 
shot  (556),  is  undoubtedly  due,  in  some  degree  to  its  great  size 
and  weight. 

9S4.  Since  elongated  projectiles  tend  to  turn  over  in  the  air 
— ^to  rotate  round  their  shortest  axis — from  the  greater  pressure  of 
the  air  below  than  above  their  points,  in  proportion  to  their 
lengths,  the  velocity  of  rotation  should  increase  with  the  length 
of  the  projectile.  To  accomplish  this,  the  twist  of  the  rifling  must 
be  increased. 

63tS.  Chabactxb  of  PsojECTriLB — ^rrs  Influence  ok  Accuracy. 
— In  order  to  secure  accuracy  of  fire,  it  is  essential  that  the  axis  of 
the  projectile  should  correspond  with  that  of  the  bore  of  the  piece, 
for  otherwise  the  axis  of  rotation  will  be  variable,  and  the  deflec- 
tion of  the  projectile  uncertain.    Major  Owen,  Professor  of  Artil- 
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leiy  at  Woolwich,  says  upon  this  Btibject  :* — ^  Should  the  axis  of 
the  shot  on  leaving  the  bore  be  unsteady,  the  projectile  will  have 
the  ^wabbling'  motion  so  frequently  obeenred  in  experimental 
practice.  It  is  therefore  indispensable  that  the  bearings  of  the 
projectile  should  extend  along  the  cylindrical  part,  or  should  be 
very  near  the  centre  of  the  shot,  for  if  they  be  either  too  fiur  for- 
ward or  behind,  unsteady  motion  must  result  from  the  axid  of  the 
projectile  being  inclined  to  that  of  the  bore. 

HSM.  '^  When  the  whole  length  of  the  cylindrical  part  of  the 
shot  bears  against  the  grooves,  the  projectile  fitting  the  bore 
tightly,  as  is  the  case  with  ahnost  all  rifled  small  arms  having 
leaden  buUets,  with  breech-loading  ordnance,  like  the  Armstrong 
or  Prussian  guns,  or  with  the  Armstrong  '  shunt'  gun,  L.  Tbomas^B 
rifled  gun,  &c.,  the  axis  of  the  bore  and  shot  must  coincide 

^^When  there  is  any  vnndage,  as  in  the  case  of  all  muzzle- 
loading  rifled  pieces  with  hard  projectiles  having  projections  or 
buttons,  there  must  be  a  slightly  oblique  movement  of  the  axis  of 
the  projectile ;  but  still,  if  the  bearings  are  over  the  centre  of  the 
shot,  or  there  are  two  sets,  one  round  the  fore  part,  and  the  other 
round  the  hind  part,  as  in  the  French  elongated  shot,  the  axis  of 
the  projectile  will,  no  doubt,  on  leaving  the  bore,  be  tolerably 
steady.  With  the  Whitworth  rifled  cannon,  the  projectile  being 
made  to  fit  the  bore  so  accurately,  and  there  being  such  a  very 
trifling  amount  of  windage,  the  axis  of  the  shot  is  practically 
stable  on  leaving  the  bore. 

"  Other  cases  might  be  stated,  and  the  results  of  practice  ^own, 
to  prove  that  the  above  principle  is  correct,  and  that  a  violation 
of  it,  by  placing  the  bearings  at  random  and  in  the  wrong  posi- 
tion, only  results  in  givmg  an  unsteady  motion  to  the  shot, 
thereby  causing  inaccurate  shooting." 

087«  Commander  Scott  says  upon  this  subject,t  with  reference 
to  expanding  shot : — ^'  The  difficulty  experienced  in  the  expansion 
plans  is  that  of  keeping  the  axis  of  the  projectile  coincident  with 
the  long  axis  of  the  piece.    At  low  elevations,  the  Motion  along 

*  Journal  Royal  United  Seirice  Inat,  August,  1862. 
f  Jour.  Royal  United  Servioe  Inst,  Deoember,  186L 
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the  bore  tends  to  raise  the  rear  of  the  shot,  and  facilitate  the 
equal  expansion  of  the  lead ;  but,  if  the  lead  at  the  rear  expands 
equaUj,  it  is  clear  that  the  iron  forepart  of  the  shot,  having  noth- 
ing to  raise  it,  mnst  continne  to  mb  along  the  bottom  of  the  bor6. 
At  high  elevations,  however,  the  shell  keeps  more  fairly  along  the 
bottom  of  the  bore,  the  lead  on  its  npper  surface  expanding  fiie 
most  An  illustration  of  this  is  found  in  the  greater  accuracy 
obtained  at  high  as  compared  with  that  obtained  at  low  elevation 
with  the  same  gun." 

098.  The  compressed  lead-coated  shot  is  also  likely  to  be 
thrown  out  of  line  by  the  greater  compression  of  the  lead  at  one 
point  than  at  another. 

499.  A  further  disadvantage  of  the  expanding-shot  is,  the 
position  of  the  centre  of  gravity  behind  the  centre  of  figure  (615). 
Commander  Scott  says*  that  ^  the  Southern  Confederacy  has  pur- 
chased very  many  of  its  heavy  guns  from  England,  which,  with 
few  exceptions,  fire  lead-coated  shell.  At  the  cannonading  against 
Fort  Pickens,  these  leaded  projectiles  struck  on  their  base,  which 
was  heavier  than  the  front,  and  did  not  explode."  He  also 
instances  the  followingf : — "  In  breaching  the  tower  at  East- 
bourne, at  1032  yards,  it  was  observed  that,  while  some  of  the 
rifle  projectiles  penetrated  from  7  to  8  feet  into  the  brickwork, 
others  did  not  pass  through  more  than  from  1^  to  2  feet.  This 
difference  was  probably  owing  to  some  of  the  shot  striking  less 
fairly  than  the  others.  A  familiar  illustration  of  a  somewhat 
similar  effect  is  afforded  by  the  diflference  between  hitting  a 
straight  and  a  bent  nail ;  for,  while  the  former  easily  penetrates 
hard  wood,  the  latter  will  make  but  comparatively  small  impression." 

The  James  shot,  however,  which  are  particularly  heavy  at  the 
base,  were  found  to  have  struck  point  foremost,  in  the  breaching 
of  Fort  Pulaski.:^    But  these  projectiles  were  comparatively  short. 

6SO.  The  stripping  of  soft-coated  projectiles,  with  high  charges, 
is  another  source  of  inaccuracy  (691). 

*  Jour.  Royal  TTnited  Serrioe  Inst.,  April,  1862. 
f  Jour.  Royal  United  Servioe  Inat.,  December,  18dL 
X  Report  of  General  Oillmore. 

34 
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S31«  The  lateral  motion  of  a  rifle  shot  due  to  the  reaktanoe  of 
.the  atmosphere  (6i6)  depends  upon  the  smoothness  of  its  8iirfac<\ 
The  projections  formed  on  the  shot  to  fit  the  rifling,  act  like  the 
floats  of  a  paddle-wHeel ;  and  these  mnst  be  most  numerous  and 
deep,  in  a  lead-coated  shot,  in  case  of  a  high  rotation,  to  prevent 
stripping.  And  these  numerous  ridges  not  only  increase  drift,  but 
rapidly  decrease  the  rate  of  rotation.  So  that  the  mechanically 
fitted  shot  with  few  grooves  would  appear  to  be  indispensable  to 
the  highest  accuracy  at  long  range.  Commander  Scott  thus 
refers  to  this  subject.*  In  making  his  shot  (535),  he  ^'had 
endeavoi*ed  to  obtain  the  form  for  permitting  the  greatest  velocity 
through  the  air,  and  at  the  same  time  for  keeping  up  the  rotation 
as  perfectly  as  possible.  His  shot  were  cast  so  as  to  bear  on  three 
grooves  in  the  gun,  and  were  so  shaped  as  to  carry  round  littie  or 
no  air.  In  this  respect  they  had  a  great  advantage  over  polygo- 
nal and  lead-coated  shot,  with  which  a  large  quantity  of  air  must 
be  carried  round  in  rotating.  This  defect  he  had  endeavored  to 
avoid  by  deviating  as  little  as  possible  from  a  cylindrical  form. 
When  that  or  a  circular  form  was  not  adopted,  as,  for  example,  if 
the  shot  was  polygonal,  a  greater  amount  of  initial  rotation  was 
required  than  if  the  shot  were  of  a  figure  adapted  to  keep  up  the 
rotatory  movement.  Hence,  those  who  had  tried  the  polygonal 
form,  or  who  had  fired  a  lead-coated  shot  out  of  a  many-grooved 
gun,  had  been  obliged  to  give  a  greater  amount  of  rotation  to  the 
shot  than  would  have  been  necessary  with  fewer  projectiona.^^ 

639.  Raoffe. — ^Long  range  is  due,  1st,  to  a  high  initial  velo- 
city ;  and,  2d,  to  a  great  weight  of  projectile  in  proportion  to  the 
resistance  of  the  atmosphere — in  other  words,  to  great  length  and 
small  cross-sectional  area.  At  the  same  time,  the  laige  area  in 
proportion  to  the  weight,  presented  by  the  long  projectile  to  the 
air  below  it,  prolongs  the  time  of  its  elevation,  and  in  this  way 
also  contributes  to  long  range,  f 

♦  "Construction  of  ArtUleiy."    Inst  Civil  Kng^  l-^CO. 

f  As  to  "the  question  of  diameter  of  bore,  it  would  be  seen,  that  altbough  a  solM 
cylinder  of  small  diameter,  hod  a  decided  advantage,  as  regarded  penelratioo  of  tho 
air,  over  a  hollow  cylinder  of  large  diameter,  yet  tlie  hollow  cylinder  had  thi  advan- 
tage in  flotation,  and  the  oonaeqticnco  wan,  Umt  the  difforenoe  in  range  was  not 
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I.  But,  iBt,  to  insure  steadiness,  snch  a  projectile  must  have 
a  high  velocity  of  rotation  by  means  of  a  rapid  twist,  which  brings 
a  considerable  strain  upon  the  gun  in  addition  to  that  due  to  the 
mere  translation  of  the  shot  2d,  the  greater  the  proportion  of 
weight  to  cross-sectional  area  of  shot,  the  greater  the  pressure 
imposed  upon  the  gun  for  a  given  velocity  of  translation.  And 
the  fidction  of  a  very  long  projectile  in  a  foul  gun  is  very  great. 
So  that  the  length  of  the  projectile  cannot  be  excessively  in- 
creased. The  length  of  about  3  calibres  has  been  found  to  give 
the  best  ranges.* 

•34.  In  the  discussion  of  this  subject  before  the  Institution 
of  Civil  Engineers,  Mr.  Britten  '^considered  there  was  a  great 
deal  of  misconception,  as  to  the  advantages  to  be  obtained  by  the 
employment  of  small  bore  guns  and  projectiles  of  great  length. 
At  very  high  elevations,  such  projectiles  imdoubtedly  had  longer 
range,  because  from  their  greater  weight  and  smaller  area  of 
transverse  section,  they  were  less  impeded  by  the  air,  and  main- 
tained their  velocity  during  a  longer  time  of  flight.  But  it  was  a 
mistake  to  suppose,  that  at  low  elevations  they  had  any  advantage, 
in  point  of  range,  over  the  larger  projectiles  which  he  had  fired 
from  rifled  service  guns.  In  order  that  this  important  point 
should  be  fully  understood,  he  had  prepared  a  Table  (105),  giving 
the  results  of  his  experiments,  and  he  had  added  the  results,  as 
published  in  the  newspapers,  obtained  with  the  Armstrong  and 
the  Whitworth  guns : 

USA.  ''  It  would  be  seen  from  these  figures,  that  up  to  about  10^ 
elevation,  the  rifled  cast-iron  guns  had  at  least  as  long  a  range  as 
the  wrought-iron  breech-loaders  with  equal  charges ;  and  that  at 
less  than  5^  elevation,  the  rifled   service   guns  had  a  positive 


nearlj  so  oonsiderable  as  might  otherwise  be  supposed."— 5tr  W,  Armgtrong^  '*  Om- 
ttmction  of  ArtOUry:'     Inst  C,  JF.,  1860. 

♦  "By  increasing  the  twist  it  became  practicable  to  increase  the  elongation  of  the 
prqjectfle  to  the  extent  of  7  diameters  if  such  a  projectile  was  similarly  grooved. 
Bat  the  elongation  of  the  projectile  was  limited  bj  other  considerations;  and  it  was 
now  established  that  iVom  2^  to  3  diameters  would  be  the  utmost  amount  ot  elonga- 
tion adopfted,  save  in  exceptional  cases.'*— ifr.  OmyUart,  "  OonatrucUon  of  ArtOkry," 
£uL  (hva  Sngwuerif  1860. 
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Tabu  OY.— Ranou  or  Labob  ajtd  Shall  Boplbd  PBoncmtn. 


Gnr. 

Bore. 

Charge 

of 
Powder. 

ProJeetUe. 

tion. 

Baiige. 

Mean 

YaMtj 
parseoMd. 

Dlam. 

Area. 

Weight 

Capaoy 

Id. 

In. 

Iba. 

Iba. 

IbiL 

DegTMS. 

Tarda. 

FMt 

Rifled  9-poandcrSenrice 
Gun,  Cait  Iron,  17 
cwt 

4«» 
« 

13. 1 
c« 

If 

it 

14 
« 

60C. 

5 
10 

lOOO 

3100 

Inoco^ 
serred. 

•6.41 

3a. » 

6 

49 

3f 

3 

1600 

1111 

Rifled  32-ponnder  Ser- 
▼ice  Ovn,  Cast  Iron, 
e$  cwt 

M 

M 
M 

4i 

10 

1100 
3100 

3600 

1016 
930 
900 

<C 

<c 

<« 

« 

M 

Similar  Gun- 

6.57 
« 

31.9 

S«-7 

S 
8 

41 

90 

solid  ^ 

M 

3700 

3150 
3560 

3700 
3900 

74* 
850 
910 

955 

Rifled  68.pottnder  Ser- 
vice Oun,  Cast  Iron, 
oc  cwt. 

7i 

10 
M 

Rifled  31-poander,  Cast 
Iron,  95  cwt 

}sa9 
'8.11 

31.9 

7 
6i 

56 

34 

1 

Rifled  ig-poonder,  Cait 
Iron,  58  cwt 

94« 

51-7 

16 

68 

soUd 

0.30' 

340 

1040 

Smooth-Bore  68-poiind- 
der  Serrice  Gun,  Cast 
Iron,  95  cwt 

M 

M 
M 

M 
«< 

« 

640 

i960 

1180 

939 

<« 

M 

CC 

u 

u 

14 

34»o 

714 

'3 

7 

1. 60S. 

11 

fo.. 

1100 

9*3 

Annttiong        Breech* 
loader,  rield-Ounf... 

« 

« 

c« 

« 

... 

1810 

900 

M 

« 

M 

<4 

... 

10 

3030 

816 

Ditto,  Large  Gun. 

6 

18. » 

9 

80 

•olid 

10 

3900 

... 

'3 

7 

If 

11 

soUd 

1150 

' 

Whitworth        Breech- 
loader, rield-Oun.... 

M 
«« 

«C 

u 
u 

to 

1300 

3780 

Initial 

Ttsnotf 

ab««t 

Ditto,      Large      Gun, 
Weight,  80  cwt. 

'5-* 

11 

M 

11 

«« 

80 
M 

M 

1600 

3490 

l)0O 

fccc  ftr 
•ccoad. 

• 

<« 

«< 

«( 

«« 

u 

10 

4400 

' 

•  Barrlea  round  shot,  prepared  bjr  Mr.  Britten  to  soil  rifled  g«ML 
t  Bange  TsMes  In  Horse  Onaida  Mannal,  pabllahad  bj  anthedty. 
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saperiority  in  thifl  respect.  Nor  was  this  all.  The  velocity  with 
which  the  rifled  service  guns  projected  their  shot,  even  with 
smaller  charges  of  powder,  was  much  greater  than  was  the  case 
with  the  breech-loaders.  In  the  official  reports  of  Mr.  Britten's 
experiments,  the  time  of  flight  of  each  shot  was  careMlj  recorded, 
so  that  there  was  no  difficulty  in  ascertaining  the  mean  velocities 
at  the  different  ranges.  The  mean  velocity  of  his  49-lb.  shells, 
fired  from  the  32-pounder  rifled  service  gun,  was  thus  shown  to 
be  1120  feet  per  second,  in  a  range  of  1600  yards ;  the  56>lb. 
shell,  with  7  lbs.  of  powder,  had  a  mean  velocity  of  955  feet  per 
second,  in  a  range  of  3700  yards ;  and  the  90-lb.  shell,  of  8  inches 
diameter,  with  only  8  lbs.  of  powder,  or  t^th  the  weight  of  the 
projectile,  had  a  mean  velocity  of  920  feet  per  second,  in  a  range 
of  3560  yards.  When,  therefore,  it  was  stated,  that  the  velocity 
of  the  Armstrong  projectiles,  on  leaving  the  gun,  with  charges 
of  }th  the  weight  of  the  shot,  was  only  1080  feet  per  second,  and 
that  of  the  Whitworth  shot,  with  a  charge  of  ^th,  was  under  IdOO 
feet  per  second,  he  thought  it  might  safely  be  asserted,  that  the 
muzzle-loaders  did  more  work  with  the  power  applied  than  the 
breech-loaders. 

*^  In  order  to  show  the  great  effect  of  the  resistance  of  the  air 
in  diminishing  the  velocity  of  large  bodies  during  flight,  the 
mean  velocities,  at  different  ranges,  of  the  68-pounder  service  solid 
shot,  with  full  service  charges,  were  given  in  the  table.  These 
figures  were  officially  determined,  from  practice  on  board  the 
^  Excellent'  gunnery  ship.  It  would  be  seen,  that  at  340  yards, 
the  mean  velocity  of  the  service  solid  68-poimder  shot  was  2040 
feet  per  second;  but  this  mean  speed  fell  off  to  714  feet  per 
second  at  the  range  of  3480  yards.  The  same  gun,  when  rifled, 
threw  a  90-lb.  shell,  8560  yards,  with  a  mean  velocity  of  920 
feet ;  it  was  therefore  probable,  that  the  initial  velocity,  in  this 
case,  must  be  very  much  more  than  was  obtained  by  the  breech- 
loaders. This  was  remarkable,  when  it  was  remembered,  that 
the  8-inch  shells  had  the  resbtance  of  the  air  upon  61  square 
inches,  the  sectional  area  of  the  shell ;  while  the  Armstrong  and 
the  TVTiitworth  projectiles  had  a  sectional  area  of  only  28  and  21 
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square  inches  respectively,  and  were  fired  with  much  heavier 
charges.  From  these  facts  he  inferred,  that  for  horizontal  fire  up 
to  2000  yards  range,  virhich  was  the  service  most  required,  his 
large-bore  guns  were  in  no  respect  inferior  to  the  new  small  bores, 
while  in  many  points  they  were  far  more  serviceable." 

036.  The  shape  of  the  projectile  has  an  important  influence 
upon  its  remaining  velocity  and  range.  But  as  the  shapes  required 
for  range  and  for  armor  punching  are  different  (713),  and  as  iron- 
clad fighting  must  be  done  at  so  short  a  range  that  little  velocity 
will  be  lost  whatever  the  shape  of  the  projectile,  this  consideration 
is  of  limited  importance  in  the  piiesent  inquiry.* 

The  following  tables  and  diagrams,t  however,  are  of  special 
interest. 

037.  Effect  of  Fosm  upon  Sanoe. — "  The  retardation  of  a 
projectile  is  influenced  by  the  form  of  both  its  fore  and  hind  part, 
but  especially  by  the  shape  of  the  former.  The  following  table  J 
(106)  of  resistances  to  bodies  of  differenlf  forms,  moving  with  low 
velocities  of  10  feet  per  second,  is  constructed  from  the  results  of 
Dr.  Button's  experiments  with  the  *  whirling  machine'  invented 
by  Eobins. 

'^  The  experimental  resistances  to  2  and  8  are  about  the  same, 


*  "  Aa  to  practical  results,  Mr.  Whit  worth  did  not  now  propose  to  cany  out  the 
comparison.  But  something  ought  to  be  said  as  to  range,  which  he  was  surprised  to 
hear  undervalued.  Without  attaching  too  great  importance  to  mere  range,  it  must  bo 
admitted  to  be  a  very  good  measure  of  what  the  gun  could  do.  If  at  an  elevation  of 
7°,  the  range  of  the  fluted  gun  was  2496  yards,  and  the  range  of  the  hexagonal  gun 
was  3107  yards,  the  trajectory  of  the  latter  was  flatter,  and  the  errors  in  judging  dis- 
tance were  of  less  importance,  as  during  a  greater  portion  of  its  flight  the  hexagonal 
projectile  was  nearer  the  ground.  This  perhaps  would  appear  more  plainly,  by  com- 
paring the  range  of  the  fluted  12-pounder  gun  at  9°,  which  was  stated  on  good 
authority  to  be  3000  yards  and  upwards,  with  the  range  of  the  hexagonal  12-pounder 
at  7*",  which  was  3100  yards  and  upwards ;  now  considering  the  ranges  as  aboul  equal 
at  these  different  elevations,  the  advantage  of  firing  the  hexagonal  gim  at  7",  as  com- 
pared with  another  gun,  which  to  attain  a  like  range  required  to  be  elevated  to  9'',  was 
obvious.  The  gun  which  had  the  longer  range  and  the  flatter  trajectory  was  more 
likely  to  hit  a  distant  object,  than  another  gim  which  had  one-fifth  less  range,  for  the 
same  elevntion  "— "  ConairucUon  of  ArtiUenf  Inst,  C.  K,  1860. 

t  Major  0.  H.  Owen,  R  A.    Jour.  Royal  TJ.  Service  Inst.,  Aug.,  1862. 

J  Extracted  from  Capt  (now  Lieut-CoL)  Boxer's  Treatise  on  Artillery,  page  152, 
art.  299. 
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TaBLB  CVI. — RUXBTANOK  OF  BODOB  TO  TEE  ATMOSPHSBE. 


FoBM  ov  mx  Boom. 


EzperlmentAl 
Besistance. 


Theorvtleal 
BesUtanoe. 


j     I.  Hemisphere,  coiitcx  side  ibrcmoet. 

(^       j    a.  Sphere 

^^    3.  Cone,  angle  with  the  axia  25^  41' . 


u 


4.  Disk.., 


(             5.  Hemitpbere,  flat  side  foremoet... 
^^^"^     6.  Cone,  base  foremoat 


119 
104 
116 

285 
291 


144 
144 
53 
288 
288 
2S8 


notwithstanding  the  sharp  point  of  the  latter.  The  resiBtances  to 
the  three  last,  which  theoretically  ought  to  be  double  of  the  two 
first  resistances,  are  experimentally  much  more,  in  fact  2^  times 
as  much.* 

"  The  next  table  (107)  is  taken  from  Piobert's  « Cours  d'Artil- 
lerie,'  and  contains  the  results  of  experiments  made  by  Borda  in 
the  last  century,  with  velocities  of  3  to  25  feet  a  second. 

ft38.  %^ From  this  table  it  appears  that  the  ogival  form  expe- 
rienced the  least  resistance.  With  high  velocities  the  results  might 
perhaps  differ  considerably  from  the  above,  and  experiments  care- 
fully executed  can  alone  enable  us  to  determine  the  form  of  pro- 
jectile which  will  attain  the  greatest  range  with  a  given  initial 
velocity. 

"  One  of  three  different  forms  is  generally  employed  for  the  head 
of  an  elongated  projectile.  The  figures  represent  sections  of 
these  three  forms.  Fig.  305  is  the  section  of  a  "  cone."  Fig.  306 
Is  the  section  of  a  "  conoid,"  or  a  figure  generated  by  the  revolu- 
tion of  a  conic  section  about  its  axis.     Fig.  307  is  the  section  of  a 

*  Dr.  Hutton*B  remarkB  on  these  experiments  will  be  found  in  his  36th  Tract,  page 
190,  vol  ill 
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Tablb  CVn.— RismAvoi  op  Bonns  to  tbx  A< 

JPoBM  or  1HB  Bamm  or  Pwi 


D 

O 


I.  Trungley  btte  fbremoiU.. 
ft.  Triangle,  apex  fbremoit .. 

3.  Demi-ellipM 

4.  Ogival ..^ 


pointed  arch,  which  is  termed  by  the  French  *^  ogival."    The  last 
is  moBt  probably  the  beet  form,  as  the  one  which  experiences  the 


FlOB.  305. 


306. 


307. 


Flo.  308. 


least  resistance  from  the  air.  Sir  Isaac  Newton  in  his  Prindpia 
gives  a  form  of  body  (Fig.  808)  which  would,  in  passing  through 
a  fluid,  experience  less  resistance  than  a 
body  of  any  other  shape.  This  form,  it  will 
be  seen,  is  very  similar  to  the  ogivaL  Flo- 
bert  says  that  the  form  Fig.  309  will  experi- 
ence the  least  resistance  from  the  air.  Its 
length  is  five  times  its  greatest  diameter, 
and  its  laigest  section  is  placed  at  |  of  the 
length  from  the  hind  part  The  shape  of  some  of  Mr.  Whitworth^s 
projectiles  approach  more  nearly  to  this  form  than  those  of  any 
elongated  projectiles  hitherto  nsed.'' 

•S9.  Telocity.-'AIthough  the  elongated  bolt,  with  400  to  500 
feet  less  velocity  at  starting,  overtakes  the  round  shot  at  800  to 
1000  yards,  yet  the  necessity  of  a  high  initial  velocity  is  obvious. 
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It  is  abeolntelj  neoesBaiy  to  penetration^  even  at  short  range,  when, 
for  instance,  the  rifled  gun  is  called  upon  to  send  shells  through 


Flo.  309. 


armor.  It  is  necessarj  to  accoracy  at  long  range,  for  reasons 
alread J  considered ;  and  without  extraordinary  provisions  for  ac- 
curacy, long  range  is  of  little  advantage. 

•40.  Captain  Fishbonme,  R.  N.,  says  upon  this  subject  :* 

^'  Greater  accuracy  with  the  same  guns,  &c.,  at  known  distances, 
with  heavier  charges,  arising  from  the  greater  velocity  of  pro- 
jectile, is  so  well  known  and  admitted,  as  not  to  need  proof  or  ex- 
planation ;  but,  great  as  are  the  other  advantages  of  high  charges, 
they  are  small  as  compared  with  those  of  a  flat  trajectory,  where 
the  distances  are  unknown."  Supposing  two  trajectories,  ^'  one,  that 
of  a  ball  with  such  a  velocity  that  it  travels  the  distance  in  one 
second,  and  subject  only  to  the  fall  of  16  feet ;  the  other,  of  a  ball 
that  requires  two  seconds,  therefore  subject  to  a  fall  by  gravity  of 
64  feet.  If  no  disturbing  cause  arises,  a  ship  that  is  but  12  feet 
high,  and  there  are  few  so  low,  will  be  struck  at  any  point  in  the 
trajectory  of  the  ball,  with  high  velocity ;  whereas  a  ship  48  feet 
high  or  more,  will  be  passed  over  by  the  ball  having  the  lower 
velocity,  and  only  within  narrow  limits  of  distance  would  a  ship 
80  feet  high  be  struck  by  it  in  tto  trajectoiy." 

•41.  The  first  condition  of  high  velocity  is  a  light  projectile. 
This  does  not  necessarily  mean  a  short  projectile ;  the  proper  length 
for  the  greatest  stability  may  be  preserved  by  hollowing  the  pro- 
jectile in  such  a  way  as  net  to  displace  the  centre  of  gravity,  or 
better,  by  some  modification  of  the  principle  adopted  by  Mr. 
StafiTord  (590  and  590  a). 

643.   The  second  condition  of  high  velocity  is  that  the  least 

♦Journal  Royal  United  Service  Inst,  June,  iSSSL 
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possible  power  shall  be  expended  in  oTercoming  friction  and 
changing  the  figure  of  the  shot,  while  getting  it  ont  of  the  gun. 
Power  thus  wasted  is  worse  than  lost,  because  it  strains  the  gnu 
so  much  as  to  require  reduced  charges,  thus  decreasing  the  velocity 
in  another  way.  The  service  charge  of  the  Armstrong  llO-pounder 
has  been  reduced  fit>m  14  to  12  lbs.,  for  this  reason.* 

So  much  power  is  expended  in  planing  76  grooves  in  a  hardened 
lead-coated  projectile,  that  even  14  lbs.  of  powder  pressing  on  the 
7-in.  Ill-lb.  Armstrong  shot,  gives  less  velocity  than  10  lbs.  of 
powder  pressing  on  the  Parrott  6'4-in.  100-lb.  shot.  The  initial 
velocities  are,  respectively,  1211  and  1244  feet,  and  the  areas  oi 
the  shot  pressed  by  the  powder  are,  88"6  and  32-1  sq.  in.  The 
range  of  an  Armstrong  7-in.  110-lb.  shot  with  12  lbs.  of  powder, 
was  8387  yards  against  3981  yards  for  the  Jeffrey  100-lb.  shotr- 
same  bore,  charge,  and  elevation.    (See  Table  108.) 

643.  Sir  William  Armstrong  attempted  to  justify  this  retar- 
dation of  his  projectile  in  the  gun  as  foUows: — ^'  "By  holding  back 
the  projectile  until  the  powder  is  thoroughly  converted  into  gas, 
you  will  get  a  higher  pressure  upon  the  projectile,  and  impress  a 
greater  quantity  of  work  upon  it.  *  *  *  Experiments  have 
been  made  with  lead-coated  shot,  having  the  lead  considerably 
reduced  in  diameter  so  as  to  facilitate  the  passage  of  shot  through 
the  bore ;  and  it  was  found  that,  instead  of  reduced  friction  in- 
creasing the  initial  velocity,  the  result  was  rather  the  contrarr."'^ 

644.  It  by  no  means  follows  that  a  shot  moves  more  slowly 
because  the  impediments  in  its  way  are  removed.  The  reduction 
of  the  lead  covering  might  have  so  increased  the  windage  that 
the  full  pressure  of  the  powder  was  not  exercised  upon  the  shot. 

^  **The  preesure  of  forcing  a  25>]b.  Annstrong  shot  slowly  through  the  bore,  by 
mechanical  means,  \b  said  to  have  exceeded  forty  tona" — OapL  lUhbomntey  Jamrmal 
Royal  U.  Service  JnsL,  May,  1864. 

"  Another  evil  arising  from  rifling  is,  in  case  of  lead-covered  projectiles  of  <Hie 
dass,  such  as  are  used  with  the  Armstrong  gun,  that  the  rifle-grooTea  hare  to  be  cat 
by  the  explasive  force  of  the  powder,  and  this  is  done  with  immense  velocity,  and  in 
the  space  of  a  few  inches,  the  power  required  must  be  very  great  The  ieadii^  of  tbe 
g^n  and  the  stripping  of  the  shot  show  how  great  this  strain  must  be,  and  in  order  to 
meet  the  difficulty  and  prevent  such  effects,  recourse  has  been  had  to  slow  burning 
powder,  and  as  a  consequence  a  low  initial  velocity  haa  been  obtainad.**— >if^.  Jfictoi 
Seatt,  on  Pro^ectOea  and  Rifted  Gunt, 

f  Jour.  Royal  United  Service  Inat,  JnnOp  1861 
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Tablb  CVIIL— CoMPAmATiTm  Ravob  op  Jkffbet  axd  AKmraoxo  VuancniMa. 

Jkppbbt. 

Averi|e  range,  witli  I  a  lb*,  of  pow<lcr,  398 1 .     Avrrage  r*n(e,  with  16  Ibi.  of  powdrr,  41 39. 
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And  if  it  is  important  to  increase  the  preesnre  upon  a  shot,  the 
use  of  more  powder  would  appear  to  be  a  simpler  and  safer  means 
than  straining  and  abrading  the  gon  by  jamming  a  hard  wedge 
through  it.  Besides,  continuing  to  retard  the  shot  by  the  friction 
of  many  grooves,  and  by  an  additional  nip  at  the  muzzle,  after 
the  pressure  of  the  gas  has  been  reduced  by  expansion,  simply 
wastes  power  and  reduces  velocity  without  any  compensation. 
If  the  shot  must  be  retarded,  it  would  be  better,  as  Mr.  Whit- 
worth  has  suggested,*  to  expend  the  power  in  increasing  its 
rotation.  This  mtigt  be  done  in  the  gun ;  grooving  the  shot  may 
be  done  elsewhere. 

643.  A  mechanical  fit  offers  the  least  friction  and  retardation 
to  the  shot.  There  would  not  appear  to  be  much  difficulty  in 
obtaining  all  the  pressure  that  a  rifled  gun  can  stand,  by  the  use 
of  plenty  of  powder,  however  smoothly  the  projectile  may  fit. 
It  is,  however,  a  defect  of  the  Armstrong  gun,  that  the  length  of 
cartridge  and  projectile  must  always  be  the  same;  if  longer,  they 
vrill  not  enter  the  chamber ;  if  shorter,  an  air  space  is  left  in  the 
powder-chamber  (551). 

646.  This  subject  is  thus  referred  to  by  the  Ordnance  Select 
Committee,  July  80, 1862  :t  ^^  Under  strictly  comparable  condi- 
tions, that  is  to  say,  equal  weight  of  shot,  equal  chaif^e,  and  equal 
length  of  gun,  the  Whitworth  12-pounder  appears  to  give  an 
initial  velocity  below  that  of  the  Armstrong  gun.  This  is  prob- 
ably due  to  the  retardation  experienced  by  the  Armstrong  shot 
in  passing  through  the  contracted  part  of  the  bore  immediately 
in  front  of  it,  which  permits  a  steady  accumulation  of  pressure 
behind  it,  and  is  instantly  followed  by  a  decrease  of  ftictioii 
when  the  shot  emerges  into  the  wider  part  of  the  bore.  The 
friction  of  the  Whitworth  shot,  arising  from  the  very  rapid  twist 
of  the  rifling,  concurs  to  produce  the  same  relative  effect  In 
the  Armstrong  12-pounder  the  angle  of  rifling  is  4^  4A\  and  in 
the  Whitworth  12-pounder  is  S""  55'.''  But  the  Committee  dis- 
cuss neither  the  retardation  of  the  Whitworth  shot  by  its  \Dedging 

«  "  ConstruotioQ  of  AitiUery."    Inat  CitU  Engineeri,  1860. 
f  Report  of  the  Select  Ooaunittee  on  Ordaaiioe,  1869. 
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in  the  grooveB,  nor  the  philosophy  of  increaaing  the  pressure  (as 
in  the  Armstrong  gun)  at  the  very  phice  where  laige  guns  fail, 
even  when  slow  powder  and  accelerating  charges  are  applied  to 
reduce  the  initial  pressure. 

647.  WiNDAaE. — Windage  is  the  principal  objection  raised 
against  mechanically  fitted  projectiles.  Supposing  it  impracti- 
cable to  prevent  windage,  Mr.  Whitworih's  experiments  show  that 
it  is  not  disadvantageous.  He  fired,  ^*  from  the  same  gun,  an  iron 
shot,  rifled  on  his  plan  (in  which  a  small  amount  of  windage  was 
purposely  allowed),  and  leaden  shot  of  the  same  shape  and  size. 
The  leaden  shot  was  necessarily  expanded  by  the  explosion,  until 
it  filled  the  bore;  and  was  propelled  without  there  being  any 
windage  at  all.  But,  although  its  specific  gravity  was  greater 
than  that  of  the  iron  shot,  and  it  had  no  windage,  its  range  was 
not  nearly  so  good  as  that  of  the  iron  shot."* 

04:8.  The  entire  stoppage  of  windage  appears  to  prevent  the 
certain  action  of  time-fuzes,  as  they  have  to  be  lighted  after  the 
shell  leaves  the  gun ;  and  in  case  of  the  Armstrong  gun  this  has 
led  to  costly  and  nearly  fruitless  experiments  with  percussion- 
fazes.  The  rush  of  the  gas  past  the  projectile  also  tends  to  re- 
lieve fouling — ^to  blow  out  the  dirt  that  would  otherwise  accu- 
mulate. 

049,  The  windage  may  be  stopped  in  any  required  degree  by 
the  use  of  wads.  Mr.  Whitworth  and  Commander  Scott  have 
used  them  without  inconvenience,  but  what  is  more  important, 
have  abandoned  them  (at  least  for  the  purpose  of  stopping  wind- 
age), without  impairing  range  or  velocity.  In  fact,  increasing 
the  chaise  with  windage,  strains  the  gun  less  for  a  given  velocity, 
than  reducing  the  chaige  and  the  windage.  More  time  is  allowed 
the  powder  to  overcome  the  inertia  of  the  shot-f  (652). 

«  •*  CoDBtnietioii  of  Artinery,*^  Init  OMl  Engineera,  1860. 

f  The  following  statement  of  French  ezperimenta  and  praotioe  regarding  windage 
ia  oompiled  from  an  artide  entitled  "  Rifled  Ordnance  in  England  and  Franoe,**  in  the 
Biinbwyh  Review^  April,  1864:  "The  result  of  the  more  recent  experience  of  the 
French  artUleriats  proves  that  the  suppression  of  windage  diminishes  the  accuracy 
of  fire.  *  •  *  When  the  projectile  Is  driven  forwards  to  the  muzzle  of  the  piece, 
bjT  the  expansioa  of  gas  generated  bj  the  explosion,  the  point  of  time  at  which  it 
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650«  Mr.  Whitworth'B  lubricating  wad*  has  other  advantages, 
and  is  thus  described  by  him  :t 

^^  The  metallic  cartridge  was  made  of  tin  plate,  and  had  a  rifled 
shape  to  fit  the  bore.    When  it  was  inserted  in  the  gun,  it  formed 

leaves  the  gun  decides  its  direction^  aad  the  slightest  yariaticm  of  pressore  tram 
within  or  without  at  that  instant  causes  deviation  in  its  subsequent  flight.  The  ftb> 
senoe  of  windage  is  now  thought  by  the  French  to  increase  the  probabilitj  of  sone 
such  accidental  variation  of  pressure ;  but  when  a  portion  of  the  gas  generated  hy 
the  explosion  is  allowed  to  escape  bj  windage,  as  this  gas  travels  four  or  fire  times 
faster  than  the  projectile,  it  serves  as  it  were  to  prepare  the  atmosphere  for  the  ball, 
and  to  launch  it  on  the  straight  line  to  its  tn^jectory.    *    *    * 

*'  A  heavy  gun  of  fifty  French  measure  (corresponding  to  our  70-poanderX  which 
had  already  fired  280  shots  at  iron  plates  4^  inches  thick,  and  pierced  them  at  a  dis- 
tance of  1093  yards,  was  treated  in  the  following  manner:  The  gnn  waa  bored,  like  a 
flute,  with  36  holes,  each  of  6  centimetres  in  diameter.  In  that  state  it  was  again 
fired,  and  it  turned  out  that  the  initial  velocity  of  the  projectile  was  diminiahfd 
scarcely  2  per  cent  But  on  the  other  hand,  the  accuracy  of  fire  of  the  piece  was 
greatly  augmented,  and  the  reooil,  which  had  averaged  about  seven  metres  before  the 
operation,  was  reduced  to  1  metre  40'.  It  is,  therefore,  now  asserted  by  soom  of  the 
highest  French  authorities,  that  windage,  without  really  diminishing  the  powvr  ot 
gtms,  improves  their  accuracy,  and  greatly  reduces  the  stress  of  the  explosion  on  tha 
piece.    ♦    ♦    • 

"  Provided  the  projectile  leaves  the  gun  with  its  axis  in  Une  with  that  of  the  piece. 
the  inaccuracy  caused  by  windage  ceases;  and  this  is  precisely  what  is  obtained  both 
in  the  French  and  in  the  Whitworth  guns." 

Another  advantage  of  windage — ^that  the  gim  can  be  fired  rapidly  and  often  withoat 
sponging — Is  thus  illustrated  by  the  same  writer:  *' At  the  battle  of  SoUbrino^  when 
the  corps  of  General  Benedek,  having  driven  in  the  Piedmontese  army  for  a  distance 
of  two  or  three  miles,  threatened  to  turn  the  left  of  the  French  position,  it  was  for- 
tunate for  the  French  army  that  they  had  guns  not  requiring  to  be  sponged  out  after 
every  round;  for  it  was  the  extraordinary  rapidity  of  the  fire  of  the  rifled  batteries 
of  the  French  Quards  which  arrested  the  Austrian  advance  at  a  range  whidi  then 
appeared  incredibly  great,  and  enabled  the  Piedmontese  to  recover  their  groond.  *  *  * 

'*  On  a  recent  occasion  at  Rennes,  the  experiment  has  been  tried  on  the  new  Fnnch 
artillery  in  a  still  more  striking  manner.  A  gun,  taken  at  random  ftom  ana  of  th« 
batteries  of  troops  quartered  in  that  town,  was  fired  consecutively  1000  times  without 
being  washed  or  sponged  out,  and  without  even  once  washing,  clearing,  or  wenpia^ 
the  touch-hole.  After  this  extraordinary  trial,  we  learn  ftom  tbe  report  of  tha  oAecr* 
in  command,  that  the  gun  had  lost  only  ^  ot  tk  degree  of  precision  required  by  the 
regulations  of  the  French  service.  It  is  proper  to  add,  Uiat  this  experiment  waa 
made  with  compressed  gunpowder ;  but  the  result  is  mainly  due  to  the  windage  of 
the  piece,  which  is  now  freely  admitted  by  French  artillerists  to  be  not  oi4y  do  eriL 
but  an  essential  condition  of  accurate  and  rapid  firing.** 

*  "Mr.  Whitworth,  in  his  specification,  claimed  the  original  anaagameDt  of  a 
tallow-box  in  ftt)nt  of  the  powder.  Sir  William  Armstrong,  after  experience  of  tha 
disadvantages  of  washing  out  the  gun,  enclosed  the  tallow  In  a  ball  of  bmpi** — J^. 
W,  A  Adams,  "  OmstntcUoa  o/Artmery,"  Inst  C.  £,  1860. 

f  "  Construction  of  Artillery,*'  Inst,  a  E.,  1860. 
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a  lining  within  which  the  charge  was  fired.  The  powder,  there- 
fore, instead  of  acting  against  the  sides  of  the  gun,  acted  against 
the  inside  of  the  cartridge.  This  saved  the  gun ;  and  moreover, 
when  the  cartridge  was  withdrawn  after  the  discharge,  it  brought 
awaj  with  it  the  fouling  deposit.  A  small  hole  was  made  in  the 
rear  of  the  cartridge  case,  through  which  tlie  fire  from  the  fidction 
fuze  was  fiashed  to  the  powder.  The  case  was  filled  with  powder 
to  within  about  half  an  inch  of  the  open  end.  It  was  then 
closed  by  a  wad,  of  lubricating  material,  which,  when  the  charge 
was  fired,  was  distributed  over  the  interior  of  the  gun.  This 
obviated  the  necessity  of  sponging  out,  which  had  always  been 
a  great  inconvenience  in  working  guns.  He  believed  this  plan 
of  obviating  the  necessity  of  sponging,  by  the  use  of  the  wad  of 
lubricating  material,  had  not  been  used  previously  to  his  adopt- 
ingit" 

031.  Projectiles  are  retarded  and  their  velocity  is  reduced  by 
other  causes,  which  also  strain  the  gun,  viz. :  rapid  twist  of  the 
rifling,  the  wedging  of  the  projectile  due  to  a  bad  form  of  rifling 
(656),  sudden  starting  and  compression  of  the  shot,  and  fouling  due 
to  lead  coating.  Tliese  causes  are  further  considered  in  the  follow- 
ing paragraphs.  The  shape  of  the  projectile  also  afiSects  the  main- 
tenance of  its  velocity  (637) ;  but  cleaving  the  air  and  punching 
armor  require  diflerent  shapes,  and  since  the  latter  must  be  done 
at  short  range,  little  velocity  will  be  lost,  whatever  the  shape  of 
the  projectile. 

033.  Mr.  J.  B.  Atwater,  of  Chicago,  has  arrived  at  some  sin- 
gular results,  by  largely  increasing  the  windage  of  the  gnu  after 
the  shot  has  started.  The  experiments  are  not  yet  complete 
enough,  however,  to  warrant  an  extended  inquiry.  A  5*85-inch 
(80-pounder)  cast-iron  hooped  gun,  constructed  after  preliminary 
experiments,  for  this  rifling,  has  12  grooves  ^V  ^^^^  deep,  and  12 
lands  of  equal  width  at  the  breech  (Fig.  310).  At  12  calibres 
from  the  bottom  of  the  chamber  the  lands  are  cut  away  in  alter- 
nate pairs  to  ^  inch  below  the  bottom  of  the  original  grooves  (Fig. 
311).  Other  conditions  remaining  the  same,  the  range  of  projec- 
tiles from  this  bore  is  considerably  increased.     This  result  is 
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ascribed  to  various  causes.    Decrease  of  friction  would  be  better 

promoted  by  cutting  off  the  chase  altogether.    The  more  perfeet 

Fia  310.  Fig.  811. 


Atwater's  rifling, 
combustion  of  the  powder  by  the  air  entering  at  the  side  of  the 
shot  would  also  follow,  leaving  an  air  space  in  the  chamber  of  the 
gun  ;  in  fact,  to  the  sudden  and  perfect  combustion  thus  promoted 
some  authorities  attribute  the  bursting  of  guns.  Mr.  Atwater 
reasons  from  the  experiments  of  Captain  Bodman,  that  the  air 
pressure  in  front  of  the  shot  is  greater  than  the  gaa  presanrs 
behind  it,  at  the  point  where  he  cuts  the  lands  away.  (649,  note.) 

6S3,  Strata* — ^The  failure  of  unstrengthened  cast-iron  guns 
generally,  even  of  the  Dahlgren  7i-inch  rifles,  with  all  their  ad- 
vantages of  superior  iron,  figures  and  founding,  is  evidence  of  the 
increased  strains  due  to  rifling.  Mr.  Bashley  Britten  has  certainly 
obtained  very  good  range  and  accuracy,  and  tolerable  endurance 
from  old  unstrengthened  cast  iron  guns,  rifled.  But  the  charges 
were  reduced  from  10  lbs.  for  a  SS-lb.  ball  to  6  lbs.  for  a  5(Klb. 
shell  fired  from  the  same  gun,  and  the  grooves,  only  6  in  nomber 
and  <|V  in<^b  deep,  had  a  very  low  twist  (1  turn  in  48  feet),  all 
of  which  is  unsuitable  for  the  heavy  projectiles  and  high  velodttea 
required  in  iron-clad  warfare. 

The  strains  imposed  upon  a  gun  in  firing  an  elongated  rifle> 
shot,  in  addition  to  the  strain  due  to  the  mere  translation  of  the 
shot  are  various.* 


•  "The  argument  that  the  mnalliWM  of  the  reooil  of  rifle-gunai  ertaWiihia  Iheft 
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SS4,  Weight  of  Pbojectile. — First,  the  pressure  on  a  gun  is 
nearly  in  proportion  to  the  weights  of  the  projectiles  (240).  A 
rifled  shot,  to  be  accurate,  to  be  convenientlj  laid  hold  of  by  the 
rifling,  and  to  range  farther  than  the  round  ball,  must  be  some- 
what elongated  :  it  is  therefore  two  or  three  times  the  weight  of  the 
ronnd  ball,  unless  it  can  be  hollowed  without  disturbing  the  cen- 
tre of  gravity,  or  arranged  on  the  sub-calibre  principle  (590), 
without  otherwise  impairing  its  efficiency.  The  heavy  shot  is 
displaced  more  slowly,  and  the  pressure  behind  it  is  greatly  in- 
creased. This  source  of  strain  has  nothing  to  do  with  the  groov- 
ing, or  with  the  method  of  taking  the  grooves. 

A«S«I«  Twkt  of  Rifling.— The  next  source  of  strain  is  the 
twist  of  the  rifling,  irrespective  of  the  bursting  strain  due  to  the 
wedging  of  the  projectile  in  such  grooves  as  Whitworth's  and 
Lancaster's.  The  inertia  of  the  shot  tends  to  tear  away  the  land 
or  to  split  the  gun  along  the  groove,  which  is  the  thinnest  and 
weakest  place.  The  Ordnance  Committee,  in  their  report  on  the 
experiments  of  1861  (598),  are  of  the  opinion  that  the  liability 
of  the  gun  to  be  burst  from  this  cause  is  directly  as  the  sine  of  the 
angle  of  the  rifling,  although,  by  calculation,  Mr.  Longridge  finds* 
that "  even  with  the  rapid  twist  employed  by  Mr.  Whitwortli  (1  in 
5),  the  amount  of  force  expended  on  the  rifling  scarcely  exceeds  2 
per  cent,  of  the  total  force  of  the  powder.  Taking  Mr.  Wliit- 
worth's  large  gun  (80-pounder),  the  following  will  be,  approxi 
mately,  the  forces  required  to  give  translation  and  rotation,  when 
the  ahot  weighs  80  lbs.,  and  the  velocity  on  leaving  the  gun  is 
1300  feet  per  second  : — 

there  is  little  friction,  and  therefore  little  tension  on  the  gun,  is  a  fallacy,  for  it  is  Qio 
intensity  of  the  fHction  that  prevents  the  gun  from  recoiling;  so  great  is  it.  that  it 
could  not  fail,  with  higher  charges  than  those  used  for  them  now,  in  time  to  disinte- 
grate such  guns,  by  separating  tike  chase  from  the  breech,  or  more  properly  the  inner 
cylinder  from  the  outer;  indeed,  I  belieye  this  has  already,  in  many  cases,  taken 
place." — Captain  lUhboume.    Jour,  Rctyal  U.  Service  InsL,  June,  1862. 

*  "Construction  of  Artillery,"  Inst.  Civil  Engineers,  1860.  Mr.  Longridge's  obvi- 
oQS  meaning  having  been  misapprehended,  he  afterwards  explained,  in  some  remarks 
at  the  United  Service  Institution  (Journal,  March,  1861),  that  the  wedging  of  the 
Whitworth  shot  was  a  source  of  great  strain,  but  that  the  friction  neceaaary  to  give 
rotation  was  as  stated  above. 
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Mean  force,  to  gWe  tnnsUtion 

Force,  to  give  rotation ^ 3784 

Friction  of  ihot  in  grooves,  taken  at  ^th  preMore 301a 


Total  force ^.. 

Or  taking  the  total  force  at  lOO,  the  force  to  give  rotation  u  i«i6.*' 


306900 


6796 
313696 


6tiA.  Wkdqino  of  the  PBOJEcrnLE. — ^Another  most  eerious, 
although  remediable,  source  of  strain  from  rifling  is  due  to  the 
wedging  of  the  projectile  in  aU  grooves  of  which  the  bearing  sides 
do  not  lie  in  the  plane  of  the  diameter  of  the  gun.  For  instance : 
the  inertia  of  a  projectile  rotated  bj  the  groove  0  D,  Fig.  314, 


Fig.  312. 


FlO.  314. 


niustrating  the  strain  of  rifling. 

tends  only  to  rotate  tlie  gun  in  the  opposite  direction ;  but  the 
greater  ])art  of  the  pressure  imposed  by  the  shot  in  Fig.  313,  astdstd 
the  powder  in  enlarging  the  diameter  of  the  gun. 

037.  In  addition  to  this  direct  rupturing  strain,  the  friction  t>f 
the  projectile  is  increased  by  the  same  cause.  The  accompanying 
illustrations  are  given  by  Captain  Blakely,  who  remarks  :* — 11^  in 
Fig.  312  "  the  shot  is  meant  to  revolve  in  the  direction  ^  Z,  all  the 
pressure  on  the  half-side  C  D  will  assist  this  motion,  all  on  the 
half-side  C  A  will  resist  it  and  cause  enormous  friction  and  waste 
of  power.  *  *  *  Mr.  Whitworth,  after  the  bursting  of  his  second 
gun,  in  1857,  abandoned  this  idea  of  a  mechanical  fit,  and,  while 
retaining  an  almost  hexagonal  form  for  Ids  bullet,  planed  away 
tliat  part  of  the  bore  whose  pressure  woidd  be  mischievous.     The 

*  Jour.  Boyal  United  Scirioe  Inst.,  March,  1861. 
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bore  of  his  latest  gun  is  24-6ided  in  section,  six  of  these  sides  only 
being  bearing  surfaces  (Fig.  313).  If  from  7?,  the  centre  of  one 
of  these  bearing  surfaces,  a  line,  li  S^he  drawn  perpendicular  to 
the  surface,  it  will  represent  the  force  tending  to  make  the  shot 
rotate.  A  glance  will  show  how  much  less  force  would  effect  the 
same  object  if  applied  at  P  in  a  parallel  direction.  *  *  *  The 
worst  of  all  conditions  would  be  the  mechanical  fit  (Fig.  312), 
where  not  only  part  of  the  pressure  J IC  would  prevent  the  bullet 
from  rotating,  but  where  the  force  which  we  may  suppose  to  act 
at  B,  and  to  be  represented  by  B  E^  would  be  so  disadvan- 
tageously  applied  that,  if  we  resolve  it  into  two  forces,  B  O  and 
B  F^  the  former,  which  can  only  cause  useless  friction,  will  be 
found  four  times  as  great  as  the  latter,  which  alone  is  useful.  *  *  * 
In  the  very  common  form  shown  2X  C  D  (Fig.  314),  one  of  the 
surfaces,  C  or  D  must  be  useless,  and  it  surely  simplifies  the  form 
to  cut  off  the  shoulder  as  2X  E  F.  The  bearing  surfaces  must  be 
truly  radial.  The  slightest  inclination  causes  increased  friction,  as 
at  C,  where  the  pressure,  acting  in  the  line  G  11^  can  be  resolved 
into  two  forces,  G  /,  useful,  and  G  K^  the  reverse.  The  form  of 
groove  adopted  by  the  French,  LM N P^  Fig.  314, has  all  the  dis- 
advantages of  the  hexagonal  bore,  for  the  force  is  applied  to  the 
bullet  by  the  surface  M  N  xn  the  direction  R  Sy  whereas  motion 
is  intended  to  be  given  in  the  direction  B  T.  All  curled  grooves, 
SB  BtVJTWy  have  the  same  defect ;  force  is  applied  in  a  direction 
JT  Yy  quite  different  from  that  X  Z,  in  which  it  should  be  given." 
038.  The  Lancaster  oval  shot  is  obviously  calculated  to  jam  in 
the  bore.*  Mr.  Bashley  Britten  makes  the  following  important 
statement  :t  "The  repeated  failures  of  the  Lancaster  gun,  involv- 
ing sacrifice  of  tlie  enormous  sums  of  public  money  which  were 
lavished  on  that  system,  induced  the  belief  that  cast-iron  guns 
were  not  strong  enough  to  be  rifled ;  but  the  fact  that  whenever 
the  Lancaster  guns  burst,  it  was  always  in  front  of  the  trunnions, 

*  In  October,  1862,  the  Ordnance  Select  Ck)mmittee  reported  against  Mr.  Lancas- 
ter's system,  but  in  December  they  thought  it  might  be  bo  improyed  as  to  utilize  the 
old  brass  guns  for  field  use. 

f  Journal  Royal  U.  Service  Inst,  Haroh,  1861. 
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while  goiis  which  burst  under  proof  charges  always  go  in  rear  of 
them,  was  a  clear  proof  to  mj  mind  that  the  cause  of  bursting 
was  not  the  charge  of  powder,  or  the  weight  of  the  projectile,  but 
was  connected  with  the  method  of  rifling,  and  the  employment 
of  a  rigid  shot,  at  any  time  liable  to  get  jammed  in  the  gun." 

(671.) 

6S9«  The  Government  Report  on  Rifled  Cannon  in  1858, 
states  that  "  three  out  of  eight  Lancaster  guns  employed  against 
Sebastopol  burst,  all,  however,  of  the  lighter  natures ;  they  were 
nearly  aU  8-in.  guns  of  65  cwt.  bored  up.  Two  also  of  the  heavy 
Lancaster  guns,  bored  up  from  the  68-pounder  gun  of  95  cwt,  have 
burst  at  Shoeburyness.  These  accidents  have  led  to  some  doubt 
whether  they  can  be  used  with  safety  with  full  charges,  viz. :  8 
lbs.  and  12  lbs."  The  report  also  states  that  there  are  ^^  remarka- 
ble irregularities  in  the  ranges,  which  it  is  difficult  at  present  to 
explain,  but  which,  however  accurate  the  gun  may  prove  in  direc- 
tion, are  a  most  serious  evil."  To  the  increasing  twist  formerly 
used  in  these  guns,  however,  in  connection  with  the  long  bearing 
of  the  projectile,  much  of  tho  extraordinary  strain  is  attributed. 

A60,  The  testimony  before  the  Select  Committee  on  Ordnance, 
1863,  was  rather  more  favorable  on  the  whole,  to  the  Armstrong, 
than  to  the  Whitworth  system  of  rifling  and  projectiles. 

AAl.  The  fiiction  of  the  Whitworth  projectile*  in  comparison 
with  that  of  the  shunt  shot  is  shown  by  their  relative  velocitie8. 
The  Whitworth  68  lb.  9  oz.  shot  from  a  70-pounder, — chai^,  9 
lbs., — ^had  a  velocity  of  1132*5  feet  The  Armstrong  3-grooTed 
slmnt  shot  of  68  lbs.  6J  oz.  weight,— charge  9  lbs., — had  a  velocity 
of  1283-8  feet.  The  Whitworth  68  lb.  9  oz.  shot,— charge  10  Ite., 
— had  a  velocity  of  1199-4  feet.    The  Armstrong  6-grooved  shunt 

♦  Mr  Whitworth  was  informed  by  General  Peel  in  December,  1858,  "that  as  ill 
three  of  his  cast-iron  polygonally  bored  guns  had  burst  at  an  early  stage  of  the  ex- 
poriments,  he  had  decided  on  disoontinuing  experiments  with  this  fonn  of  rifled 
cannon." — Report  of  the  Select  CommiUee  on  Ordnanct,  1863. 

Captain  Blakely  said  before  the  above  Committee,  that  the  Whitworth  gon  had 
been  tried  and  rejected  in  France;  that  at  5**,  out  of  10  shots,  some  went  570  yards 
further  than  others ;  that  the  gun  was  also  tried  without  success  at  Oopenhsgen,  and 
that  one  tested  at  St.  Petersburg,  burst  at  the  149th  round  with  5  lbs.  of  powder  Hid 
a  36-lb.  shot 
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shots  of  74  lbs.  6i  oz.  and  76  lbs.  8  oz.,  had  a  mean  velocity  of 
1314-3  feet.  The  same  result  followed  all  trials  of  the  two  sys- 
tems of  rifling. 

A69.  In  July,  1861,  the  Ordnance  Select  Committee  reported 
unfavorably  upon  Mr.  Whitworth's  system  of  rifling,  for  the  fol- 
lowing reasons :  1.  If  the  projectiles  are  accurately  fitted,  they 
are  likely  to  rust,  and  give  trouble  in  loading  without  frequent 
painting  and  cleaning.  If  not  accurately  fitted,  the  gun  forfeits 
one  of  its  principal  claims  to  superiority. 

2.  The  comparatively  small  calibre  and  long  projectile  greatly 
increase  the  strain  on  the  gun,  and  the  shape  of  the  projectile 
is  unfavorable  for  shrapnel,  although  favorable  for  the  penetration 
of  solid  shot. 

3.  The  rapid  pitch  of  the  rifling,  although  necessary  to  the 
accuracy  of  long  projectiles,  is  another  source  of  strain  upon  the 
gun. 

4.  The  Committee  think  the  finish  and  fitting  of  the  Armstrong 
guns  and  projectiles  to  be  equal  to  those  of  the  Whitworth  guns 
and  projectiles,  and  that  these  features  would  not  in  any  case 
render  the  polygonal  system  preferable  to  other  systems. 

AS3.  The  following  experiments,  recently  made  at  Woolwich, 
to  test  the  strain  due  to  various  forms  of  rifling,  are  obviously 
decisive  as  far  as  bursting  pressure  is  concerned.  But  they  do 
not  show  the  additional  weakness  of  the  Lancaster  and  Whitworth 
systems  due  to  increased  friction,  because  the  experimental  shot 
were  not  moved  longitudinally  in  the  rifling,  but  only  revolved. 
And  although  the  sides  of  the  grooves  in  the  10-grooved  shunt 
gun  are  not  quite  in  the  plane  of  the  diameter,  its  superior  en- 
durance is  obviously  due  only  to  the  larger  number  of  grooves 
and  the  greater  amount  of  metal  thus  called  into  service. 

664.  Results  of  Expebdcents  made  to  Test  the  Strain 
ON  THE  Gun  Due  to  Various  Forms  of  Riplino,  by  Mr. 
John  Anderson.* — "The  power  required  to  give  the  rotatory 
motion  to  the  projectile,  through  the  agency  of  ribs  or  grooves  in 

*Tbe  following  is  quoted  from  British  Artitterjr  records. 


550  Ordnance. 

the  gun,  must  necessarily  caose  an  opposite  Btraining  in  the  gtm 
tending  to  open  it,  or  else  to  break  the  metal  without  actuallv 
splitting.  We  can  easily  perceive  that  an  inclined  surface  is 
more  apt  to  split  the  structure  than  a  flat  or  perpendicular  sor* 
face,  but  there  were  no  precise  data  in  r^ard  to  the  position  in 
which  difierent  plans  stood  with  respect  to  each  other. 

"  In  order  to  ascertain  this  point,  experiments  have  been  made 
in  tlie  Eoyal  Gun  Factories,  by  preparing  cylinders  of  cast-iron, 
all  of  equal  strength  and  area ;  these  cylinders  were  bored  and 
rifled  on  the  several  plans  shown  on  the  accompanying  table,  and 
to  prevent  the  risk  of  error  from  any  exceptional  defect  of  any 
description,  several  of  each  sort  have  been  experimented  with. 

"  Into  these  rifled  cylinders  there  were  correctly  fltted  corre- 
sponding plugs  of  steel  representing  the  projectile ;  these  pings 
were  made  to  fit  the  part  representing  the  gun,  and  being  of  steel, 
which  is  a  stronger  metal  than  the  cast-iron  cylinders,  it  was 
resolved  to  continue  the  experiments  until  a  form  of  rifling  was 
arrived  at,  in  which  the  steel  plug  would  be  broken  before  the 
cylinder  was  split  open. 

*'*'  The  experiment  consisted  in  fixing  one  end  of  the  plug  repre- 
senting the  projectile  in  a  frame  which  was  immovable,  its  other 
end  being  within  the  cylinder.  The  cylinder  was  fixed  in  the 
centre  of  a  lever  fulcrum,  and  capable  of  having  a  torsional  motion 
given  to  it,  by  the  application  of  weights  on  the  extremity  of  s 
lever.  The  accompanying  table  shows  the  weight  required  to 
produce  fracture  on  the  several  plans  of  rifling,  and  the  diagnuus 
will  explain  the  exact  form  of  the  arrangement  of  rifling  in  the 
several  systems."    (See  Table  109.) 

A6«S.  Chakacteb  of  the  Grooves. — The  depth  of  the  grooves 
has  an  obvious  influence  upon  the  strain  brought  upon  the  gon. 
Mr.  Britten  attributes  his  success  in  rifling  old  cast-iron  guns,  in 
part,  to  shallow  grooves*  (5  grooves  iV-in.  deep,  for  the  old  83- 
pounder).  But  Mr.  Britten  uses  a  very  low  twist  (1  turn  in  48  feet 
in  the  competitive  experiments  of  1S61),  and  therefore  requires  but 

*  "GoDStroctionof  AxtiUeiy,"  Inst  of  Oivfl  EIngiiiMni  1860. 
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a  small  bearing  surface  to  rotate  his  shot.     But  with  either  a  hig^ 
velocity  or  a  sharp  twist,  shallow  grooves  would  strip  a  soft  metal 


FiO.  317. 


fto.  318. 


shot,  or  cut  a  hard  bearing ;  even  the  Armstrong  llO-pounder  shot, 
with  76  grooves  and  along  lead  covering,  shows  evidences  of  slip.f 
8o  that  the  necessity  for  a  considerable  bearing  snrfSftce,  either  bj 
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a  great  niimber  of  grooTcs  or  bj  very  deep  grooves,   is  ob- 
viotM. 

Studft  in  the  middle  of  the  shot  instead  of  wings  or  ex- 
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mentioned  by   Mr.   Haddon,  and  is    realized    in    the    French 
system. 

667.  The  angle  of  the  side  of  the  land  with  the  bottom  of  the 
groove  *  has  the  usual  relation  to  strength,  generally  observed  in 
mechanical  construction.  A  sharp  angle  in  a  part  subjected  to 
strain  and  vibration  is,  in  railway  and  machine  practice,  considered 
the  beginning  of  a  fracture.  For  this  reason  Captain  Parrott,  and 
others  who  understand  the  advantages  of  a  radial  bearing  side, 
nevertheless  round  the  angles  of  their  grooves.  In  Commander 
Scott's  rifling,  the  grooves  are  considerably  rounded  for  an  addi- 
tional reason  (669). 

668.  But  this  practice  involves  a  more  serious  defect  if  carried 
too  far.  Mr.  Conybeare  recommendsf  the  form  of  rifling  shown 
in  Fig.  826,  because  "  the  rifling  should  be  free  from  re-entering 

anscles,  which  were  a  source  of  weakness  in  cast 

Fio.  326.  ®       ' 

iron,  and  it  should  be  such  as  to  weaken  the 
cylinder  in  the  least  possible  degree.  The  form 
that  would  best  answer  these  conditions,  would 
be  one  that  would  bear  the  same  relation  to  the 
three-grooved  rifle,  that  the  Lancaster  oval  did 
to  the  two-grooved  rifle."  And  Mr.  Hadden 
specifies:!:  "three  very  broad,  shallow  grooves  with  little  or  no 
shoulder."  These  plans  would  certainly  equalize  the  vibration, 
but  they  would  greatly  increase  the  wedging  of  the  projectile — a 
known  and  serious  cause  of  failure  (656). 

669.  Another  reason  for  rounding  the  groove,  especially  in 
case  of  the  centering  system,  is  to  prevent  the  violent  shock 
of  the  projectile  when  its  bearing  edges  strike  the  rifling.  Figures 
326  and  327  are  exaggerated  to  illustrate  this.  The  stud  or  pro- 
jection a  bears  and  remains  upon  the  side  d  of  the  groove,  going 
in,  and  so  leaves  the  windage  c  on  the  other  side.  In  going  out, 
the  stud  will  have  acquired  a  considerable  velocity  before  it  strikes 

*The  rounded  gproove  is  obyiouslj  better  for  firing  wads  and  expanding  sabota,  than 
the  square  grooye. 

f  "  Construction  of  Artillery,"  Inst  OivirEngineers,  1860. 
X  Jour.  Royal  TJ.  Service  Inst,  Mar.,  1861. 
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the  side  e^  so  that  the  blow  will  be  violent  and  the  commencement 
of  the  rotation  instantaneous.    But  the  stud,  Fig.  327,  not  only 


Fig.  226. 


Fig.  227. 


slides  up  the  rounded  groove  without  a  blow,  but  lifts  the  shot  into 
the  centre  of  the  gun — centres  it.  This  is  one  of  the  special 
features  of  Commander  Scott's  system  (535). 

670«  A  still  more  violent  blow  is  given  by  the  shunt  shot 
.when  the  studs  or  bars  strike  the  shallower  part  of  the  groove  near 
the  muzzle  (552).  One  of  the  SOO-pounders  is  said  to  have  been 
seriously  strained  from  this  cause  after  five  rounds.  This  result  was 
predicted  by  Captain  Fishboume  :*  "  For  greater  accuracy,  the 
rifling  diminishes  in  diameter  towards  the  muzzle,  to  nip  the  ribs ; 
this  necessarily  increases  the  tension  on  the  gun,  to  which  it  must 
prematurely  yield." 

67  !•  A  9-pounder  brass  gun,  rifled  on  Lancaster's  system,  was 
grazed  along  the  minor  axis  by  the  bearing  of  a  16-lb.  shot  and 
considerably  indented  10  in.  from  the  bottom  of  the  bore  in  front 
of  the  seat  of  the  shot,  the  evident  cause  being  the  sudden  taking 
of  the  rifling.  A  similar  smooth-bore  after  the  same  service 
(200  rounds)  was  indented  0*025  in.,  58  inches  down,  and  lightly 
grazed. 

673«  Ikcbeasino  Twist. — A  "projectile  is  usually  started  for- 
ward before  it  begins  to  take  the  rifling,  and  usually  commences 
its  rotation  at  an  infinitely  low  velocity,  whatever  the  pitch  of  the 
rifling.  Hence,  the  increasing  twist  is  sometimes  considered  un- 
necessary. But  it  is  equally  true  that  a  ball  hegina  to  move  at  an 
infinitely  low  velocity,  whatever  the  quickness  of  the  powder,  but 
this  does  not  prove  that  quick  powders  do  not  strain  a  gun  unne- 
cessarily.    The  experiments  of  Captain  Eodman  and  others  show 


*  Jour.  Bo3ral  U.  Seirioe  Inst,  June,  1862. 
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that  the  maximuin  pr^sure  in  a  gun  is  not  when  the  projectile 
starts,  but  when  it  has  moved  several  inches  forward.  Then  it 
begins  to  decline  rapidly,  if  ow  if  the  projectile  can  reach  this 
point  of  maximum  pressure  without  being  revolved  at  all,  it  may 
afterwards  begin  to  acquire  rotation,  and  to  increase  it  up  to  any 
required  velocity,  without  increasing  the  pressure  of  the  powder- 
gas.  But  with  the  regular  twist,  the  maximum  strain  due  to 
rotating  the  projectile,  including  friction,  is  suffered  by  the  gun  at 
the  time  of  its  maximimi  strain  due  to  translating  the  projectile. 

The  parabolic  groove  does  not  begin  to  rotate  the  sho.t,  to  an 
appreciable  degree,  until  after  the  shot  passes  this  point  of  maxi- 
mum pressure.  Then,  as  the  strain  due  to  translation  falls,  that 
due  to  rotation  rises  more  gradually,  and,  if  the  shot  is  properly 
centred,  without  any  shock  or  blow,  whatever  the  final  angle  of 
the  rifling.  It  would  be  practicable  to  make  the  rifling  quite 
parallel  with  the  bore  until  the  maximum  strain  due  to  translation 
was  over. 

673«  The  greatest  objection  to  the  increasing  twist  is  that  it 
cannot  be  used  with  a  long  bearing  of  projectile.  Indeed,  the 
theoretical  bearing,  whether  it  is  a  soft  metal  ring,  a  strip  or  a 
stud,  is  infinitely  short — a  mere  line — and  practically,  length  of 
bearing  is  only  obtained  by  a  constant  moulding  of  the  projectile 
to  the  new  angle  of  rifling.  So  that,  1st,  the  portion  of  the  shot 
intended  to  take  the  grooves  must  be  short :  the  Whitworth  shot 
would  wedge  in  grooves  with  increasing  twist,  and  the  Armstrong 
shot  would  strip  at  both  ends.  2d,  This  portion  of  the  shot  must 
be  soft  as  well  as  short,  for  if  it  cannot  obtain,  by  changing  its 
figure,  more  bearing  on  the  grooves  than  a  mere  line,  it  will  un- 
doubtedly cut  the  grooves,  thus  increasing  friction  and  soon  ruining 
the  bore. 

674.  In  the  absence  of  ftirther  experiments,  it  would  hardly  be 
safe  to  conclude  that  long  bearings  will  not  prove  indispensable  to 
the  heavy  projectiles  and  high  velocities  that  will  soon  be  required 
in  iron-clad  warfare.  At  the  same  time,  projectiles  made  on  the 
French  plan,  with  only  three  zinc  or  brass  studs,  and  Parrott  and 
Blakely  projectiles  up  to  800  lbs.  weight,  with  narrow  brass  or 
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copper  ringB  or  disks,  are  rotated  without  being  stripped,  without 
abrading  the  grooves,  and  without  the  use  of  the  fine  grooving 
that  would  be  injured  by  spherical  shot. 

675.  Chabacttes  of  the  Peojectiijc. — ^As  to  the  direct  influ- 
ence of  lead-coated  shot  upon  straining  the  gun,  various  facts  and 
opinions  are  given  by  the  advocates  of  the  respective  systems. 

Tlie  first  result  of  a  soft  coating,  whether  it  is  expanded  or  com- 
pressed into  the  grooves,  is  stopping  the  windage.  Gas  which 
cannot  escape  vrithout  moving  the  shot,  may  accumulate  to  a 
bursting  pressure  before  the  shot  moves  at  all,  whereas  a  safety- 
valve,  in  the  shape  of  a  thin  annular  space  around  the  shot, 
allows  its  inertia  to  be  overcome  before  the  pressure  reaches  the 
maximum.  A  heavier  charge — the  burning  of  more  powder  after 
the  shot  has  begun  to  move — will  of  course  make  up  the  loss  of 
velocity  with  a  less  strain  upon  the  gun,  because  it  has  more  time 
to  act.  Thus,  all  the  advantages  of  slow-burning  powder  are 
realized. 

676.  A  large  windage  in  the  case  of  spherical  shot  injures  the 
bore  and  wastes  power,  in  lodgments.  But  a  shot  like  that  of 
Commander  Scott's  (535)  or  the  French  shot  (516),  centred  upon 
three  points,  may  have  any  amount  of  windage  without  bounding 
in  the  bore ;  the  windage  has  no  more  to  do  with  the  straight 
passage  of  the  shot,  than  the  size  of  a  tunnel  has  to  do  with  the 
straight  passage  of  a  train  on  the  rails  within  it. 

•yy.  French  artillerists  have  been  convinced  by  various  ex- 
periments, that  windage  not  only  prevents  strain  and  delay  from 
fouling,  but  increases  accuracy.  At  the  battle  of  Solferino,  the 
French  army  was,  in  one  instance,  enabled  to  hold  its  position 
only  by  such  rapid  firing  that  there  was  no  time  to  sponge  out  the 
guns.  More  recently,  1000  consecutive  rounds  have  been  fired 
from  a  French  field-gun  without  sponging.  Undoubtedly  the 
escape  of  gas  around  the  projectile  prevented  fouling  in  these 
cases.     (649,  note.) 

078.  But,  if  it  is  necessary,  windage  may  be  entirely  stopped 
without  excessive  friction,  by  wads,  or  it  may  be  sufficiently 
reduced  in  the  original  fitting  up  of  the  projectiles.    A  greased 
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wad,  like  that  used  in  the  ArmBtrong  gun  (551),  or  like  Mr.  Whit- 
worth's,  formed  with  the  cartridge,  is  loaded  without  loss  of  time, 
and  so  thoroughly  cleans  the  gun  that  a  close-fitting  hard  projeo 
tile,  not  liable  to  be  mutilated  in  handling,  will  always  run  home 
with  ease.  As  the  gun  expands,  the  windage  certainly  increases: 
but  the  gun  is  weakened  by  the  same  expansion,  and  needs  the 
extra  relief. 

679.  It  is  the  soft-coated  shot,  expanded  or  compressed  into 
the  groove  of  the  gun,  that  cuts  off  windage  suddenly  and  not 
without  unnecessary  friction. 

680.  The  "  leading"  of  the  gun  and  other  fouling  due  to  Boft- 
coated  projectiles,*  is  avoided  by  the  mechanical  fit  of  Commander 
ScottV,  without  the  wedging  and  strain  due  to  the  shape  of  the 
Whitworth  and  Lancaster  mechanically  fitting  projectiles. 

681.  The  following  objection  to  expanding  projectiles  is  men- 
tioned :t  ''  The  expansion  of  the  lead  at  the  rear  of  the  projectile 
increases  as  the  combustion  of  the  powder  becomes  more  perfect 
from  the  bore's  warming ;  and  hence,  when  the  gun  is  weakened 
by  being  heated,  an  increased  strain  is  thrown  upon  it  by  the 
sharper  driving  out  of  the  lead  into  the  rifling  and  more  instanta- 
neous closing  of  the  windage  An  iron  shot,  on  the  contraiy,doe6 
not  expand  by  the  explosion,  and  hence  gets  more  windage  as  the 
bore  warms,  so  that  its  safety-valve  gets  larger  as  the  gun  expands 
and  becomes  weaker." 

689.  On  the  othet*  hand,  Mr.  Bashley  Britten,  who  has  been 
more  successful  than  any  one  else  in  England,  with  lead-coated, 
expanding  projectiles,  says  of  his  system  4 — ^*'  All  the  hold  of  the 
rifling  was  on  the  five  thin  projections  of  soft  lead,  1^  of  an  inch 
thick.  It  was  impossible  they  could  offer  sufiScient  opposition  to 
the  egress  of  the  sliell  to  cause  the  gun  to  burst.  Some  of  these 
shells  had  been  fired  with  such  heav}*  charges  of  powder,  that  the 
lead  had  been  entirely  sheared  away  by  the  rifling,  but  this  was 

*  In  experiments  on  board  H.  M.  ship  "EzoeUent**  (1860)  with  the  llO-pounder 
Armstrong  gun,  the  wet  sponge  appeared  to  be  more  efficient  than  anj  other  plan  for 
removing  the  hard  scale  in  tlie  chamber. 

f  Jour.  Royal  U.  Service  Inst,  December,  1861. 

X  "  Construction  of  ArtiUery,*'  Inst  Civil  Engineers,  1860. 
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all  that  could  liappen.  The  shot  could  never  get  locked  in  the 
bore." 

683«  On  the  subject  of  soft-coated  vs.  mechanically-fitted  pro- 
jectiles, Sir  William  Armstrong  says,  in  his  evidence  before  the 
Select  Committee  on  Ordnance,  18G3: — "I  very  greatly  prefer 
using  a  soft  metal  or  a  projectile  which  shall  most  probably  be 
self-adjusting,  so  that  if  any  part  of  it  be  at  all  too  prominent,  that 
prominent  part  shall  bring  all  the  other  parts  up  to  their  proper 
bearing,  causing  every  groove  to  take  its  proper  share  of  strain ; 
that  plan  has  also  the  obvious  advantage  of  saving  the  bore  from 
any  possible  injury  from  friction ;  and  I  think,  also,  that  it  has 
the  advantage  of  avoiding  the  possibility  of  there  being  any  choke 
or  jam,  if  I  may  so  say,  from  fouling,  or  any  other  material  lying 
in  the  bore.  It  obviates,  also,  the  necessity  of  accurate  workman- 
ship, and  has  all  the  facility  of  construction  which  can  be  obtained 
from  a  tight-fitting  projectile." 

684.  But  the  chief  strain  due  to  lead  coating  is  confined  to  the 
compressing  system — the  Armstrong  service  system.*  Forcing  a 
projectile  coated  with  hardened  lead  through  a  bore  of  smaller 
diameter,  not  to  speak  of  impressing  76  grooves  in  it  at  the  same 
operation,  produces  the  following  results  :t 

Ist.  A  direct  bursting  pressure  by  the  projectile  itself.  And, 
compressing  a  lead  covering  soldered  upon  an  iron  shot,  and  very 
thin  so  that  it  cannot  expand  longitudinally,  is  quite  difi^erent 
from  upsetting  a  leaden  bullet  which  simply  changes  figure  in 
the  same  bulk. 

2d.  An  increased  powder  pressure  due  to  the  detention  of  the 
shot  by  this  stricture  in  the  bore. 

4183.  Soft  brass  is  probably  the  best  material  for  the  bearing 
of  a  sliot,  whether  made  on  the  centering  or  the  expanding  prin- 
ciple.    It  does  not  stick  to  nor  perceptibly  wear  the  grooves  of 

*  The  testimonj  before  the  Select  Committee  oq  Ordnanoe,  1863,  was,  however,  on 
the  whole,  more  favorable  to  the  Armstrong  than  to  the  Whitworth  system  of  Rifling 
and  Projectiles. 

f  "The  pressure  of  forcing  a  25-lb.  Armstrong  shot  slowlj  through  the  bore,  by 
mechanical  means,  is  said  to  have  exceeded  forty  tons."— Cap<.  FahJboums,  Journal 
B&yal  U.  Service  Inst.,  }is^y,  1864. 
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the  cast-iron  Parrott  gun  aft^r  1000  rounds  (Table  91),  and  it 
is  hard  enough  to  revolve  a  projectile  without  fine  grooving.  It 
has  been  adopted  for  studs  bj  Sir  William  Armstrong  in  his  later 
shunt  guns,  and  by  other  imitators  of  the  French  system  of  pro- 
jectiles. Coating  a  hard  projectile  like  Scott's  or  Wliitworth's 
with  brass,  by  modem  chemical  processes,  would  not  be  more 
difficult  than  coating  them  with  zinc  or  lead. 

6S6«  Uabillty  of  the  Projectile  to  l^JnT^ — I'lic  advan- 
tage of  the  mechanically  fitted,  hard  projectile  in  this  regard  is 
too  obvious  to  require  discussion.  The  heavy  projectiles  required 
in  naval  and  sea-coast  warfare  are  constantly  liable  to  such  falls 
and  rough  handling  as  would  be  quite  sufficient  to  upset  a  soft 
coating  and  to  prevent  its  entrance  into  either  a  breech-loading  or 
a  muzzle  loading  gun.  It  should  be  stated,  however,  that  the  re- 
sult of  experiments  on  board  the  ExeelUnty  to  ascertain  whether 
shot  which  had  been  dented  by  several  months'  exercise  would 
strip^  were  quite  satisfactory.  The  shots  were  fired  at  the  2000 
yards  target  with  good  results. 

687.  The  Ordnance  Select  Committee  have  objected  even  to 
the  shunt  gun  with  6  grooves  because  it  requires,  according  to  Sir 
William  Armstrong's  system,  24  zinc  studs  of  three  different  sizes 
on  the  projectile,  some  of  which  would  probably  be  so  injured  by 
the  falling  or  rough  handling  of  the  projectile  that  they  w<iuld 
not  enter  their  resjtective  grooves.  Sir  William's  alleged  rcas^m 
for  so  many  studs  is  to  prfevent  the  injury  of  the  bore  by  the  con- 
tact of  a  rough  cast-iron  shot. 

688.  Lead-coated  projectiles  are  liable  to  other  kinds  of  in- 
jury. It  has  been  remarked*  tlmt  "  they  will  decay  from  damp^ 
and  those  in  store  are  decaying  and  the  lead  exfoliating.  Many 
of  you  are  aware  that  Lord  Clyde  sent  home  some  bullets  which 
could  not  be  got  down  into  the  rifles  at  all.  The  lead  had  exfo* 
Hated,  and  the  bullets  wore  too  lai^,  and  at  Delhi  several  of  oar 
men  were  shot  down  while  trying  to  force  tiie  ballets  down  the 
bore  of  their  rifles." 

689.  Mr.  Lancaster  states  that  if  the  lead  ^^  ia  put  on  evenly 

*  Jour.  Rojal  U.  Senrioe  Inst,  1862. 
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afi  in  some  projectiles  in  a  thin  form,  and  you  pass  one-eighth  of 
the  weight  of  projectile  as  a  charge,  the  lead  is  given  off  from  the 
projectile  on  the  discharge  of  the  gan  in  the  shape  of  an  amber- 
colored  cloud,  called  lead  fumes,"  and  that  "if  you  exceed  a 
charge  of  one-eighth,  and  go  to  the  charge  of  one-fourth,  yon  are 
then  exposed  to  another  source  of  inconvenience,  the  positive 
melting  and  remaining  of  the  lead  in  the  bore  of  the  gun  ;  that  is 
the  result  of  the  experiment  at  Shoeburyness  alluded  to  by  Colonel 
Lefroy." 

690.  The  lead-coated  projectile  is  also  liable  to  injury  in  the 
gun.  One  of  the  requirements  of  modern  shells  is  to  fire  molten 
metal.*  Even  if  the  heat  of  the  molten  metal  does  not  loosen  the 
lead  the  expansion  of  the  shell  vastly  increases  the  strain  in  for- 
cing an  Armstrong  shell  through  the  bore. 

691.  As  to  the  stripping  of  soft-coated  projectiles,  Captain 
Fishbourne  gives  a  tablet  to  show  that  at  moderate  velocities, 
and  with  small  increments  of  powder,  the  Armstrong  projectile 
becomes  less  accurate  just  in  proportion  to  its  increase  of  velocity. 
This  is  attributed  to  the  slipping  of  the  lead.  Commander  Scott 
saySjJ  "  it  has  been  found  in  practice  by  Sir  William  Armstrong — 
although  he  has  the  lead  so  closely  confined,  as  already  men- 
tioned, that  it  cannot  well  escape — that,  if  he  uses  a  larger  charge 
than  about  one-eighth  the  weight  of  the  shot,  he  loses  accuracy ; 
and  that,  if  a  stronger  powder  be  used,  the  shot  cuts  its  way  out 
across  the  grooves.  Expanding  projeftiles  also,  which  answer 
well  with  a  small  charge  from  a  weak  gun,  if  put  into  a  strong 

*  "One  of  the  most  importaDt  things  that  has  been  veiy  much  overlooked  is  that  of 
molten  iron.  The  molten  iron  wiU  fill  up  the  sheU  and  make  it  almost  solid,  so  that) 
you  will  at  first  have  the  fUU  blow  of  the  molten  iron,  and,  unlike  powder,  the  moltem 
iron,  if  70U  can  pitch  it  against  any  thing,  will  stream  over  it;  it  may  stream  into  the 
port.  This  wiU  be  found,  I  believe,  a  very  fearfully  destructive  weapon.  The  Aimih 
strong  gun  will  not  throw  it,  that  is,  practicaUy  it  will  not  do  it.  The  small  noundi 
sbeU  contains  too  small  a  quantity  to  be  effective.  What  we  want  is  a  largn  quan- 
tity; but  even  the  less  quantity  suffloed  to  set  a  vessel  on  fire;  and  when  it  was 
tried,  although  they  had  the  engines  and  every  thing  ready,  as  is  weU  known  to  Ad- 
miral Halsted,  they  could  not  put  the  fire  out — Com,  ScoU,  Jour,  Royal  U,  Service 
InsL,  June,  1862." 

f  Jour.  Royal  U.  Service  Inst.,  June,  18G2. 

{  Jour.  Royal  U.  Service  Inst.,  April,  1862. 
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gun   and  fired  with   a   greater  charge,   are  expanded  irregu- 
larly." 

693.  Firing  Spherical  Shot  Arom  Rilled  Gam.— The  im- 
portance of  obtaining  as  many  kinds  of  service  as  possible  fix>m 
one  gun,  is  especially  obvious  in  the  case  of  iron-clads,  since, 
with  a  given  displacement,  the  guns  must  be  few  if  the  protection 
is  adequate.  Spherical  shot  are,  for  reasons  already  considered, 
more  nseful  than  rifle-bolts,  in  iron-clad  warfare*  (267-269). 

693.  The  bounding  of  spherical  balls  along  the  bore,  is  a 
well-known  canse  of  injury  to  the  gun ;  and  the  more  the  original 
surface  of  the  bore  is  cut  away  by  the  rifling,  the  greater  is  the  in- 
jury. The  amount  of  this  reduction  of  snrface,  in  various  Brituah 
guns,  is  thus  illustrated  by  Captain  Fishboumerf  "Suppose 
the  rectangle  (Fig.  828)  to  represent  the  whole  of  the  inner  circle 
of  the  cylinder  of  the  gun,  then  the  smaller  rectangles  (Figs.  329 
to  335)  represent  the  quantities  of  this  circle  required  to  be  left 
untouched  in  rifling,  according  to  the  respective  plans  named. 
The  total  amount  of  windage  occasioned  by  the  different  systems 
of  rifling,  when  the  present  round  shot  are  fired,  is  given  in 
Table  110.     (See  also  Table  97.) 

694.  In  the  American  rified  guns,  generally,  about  half  the 
surface  of  the  bore  is  cut  away  by  the  rifling.  The  lands  and 
grooves  are  of  nearly  or  exactly  equal  width.  The  Parrott  rifled 
gun  fires  spherical  shot  without  difficulty.  The  windage  is 
stopped  by  SLpapier-mac/ie  sabot. 

^  "  The  compariflon  so  often  made  between  round  baDa  and  rifled  shot,  ia  aeUoa 
if  ever  made  as  respects  their  comparatiTe  cost  and  their  ralue  at  cloee  quartan* 
but  only  as  respects  their  effect  at  distanoea  too  great  to  be  oorreotlj  meaaured,  or  to 
produce  any  decisive  result  in  actual  warfore.  The  question,  as  regards  naval  ord- 
nance, is  not,  however,  between  the  round  baU  and  the  elongated  shell,  for  the  mmid 
ball  is  the  most  effective,  and  is  far  more  eaaily  handled  and  loaded  at  done  quarter^ 
and  the  rifle-shell  is  the  best  for  bombardment;  but  between  a  mode  of  rifling  that 
mil  admit  of  the  use  of  the  roimd  ball  at  dose  quarters,  and  one  that  will  md  admit 
of  its  use.  By  adopting  the  former  plan,  good  broadside  grma  throughout  would  be 
obtained  for  the  decisive  struggle ;  and  this  is  the  first  and  the  main  point  to  aecufa. 
and  the  cost  of  ammunition  would  be  kept  at  its  old  rate ;  by  the  latter  pkm,  the 
broadside  power  would  be  lessened,  a  mixture  of  different  sorts  of  weapons  leudeied 
necessary,  and  the  simplicity  essential  in  naval  warfare  entirely  lost** — Cbm.  SosC 
(T.  Service  JhaL,  April,  1862. 

f  Jour.  Royal  U.  Service  Inat,  Jime  1861 
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69S*  The  rotation  of  heavy  lead-coated  bolts,  fired  with  high 
charges,  is  only  accomplished  by  a  great  number  of  grooveft. 
Even  76  grooves  do  not  always  prevent  the  slipping  of  the  hard- 
ened lead  covering  of  the  Armstrong  110-lb.  shot.  Sir  William 
Armstrong  admits  that  spherical  balls  would  injure  his  multi- 
groove  rifling,  and  suggests  coating  the  balls  with  lead  as  s 
remedy.*  It  may  then  be  generally  stated  that  the  use  of  lead- 
coated  projectiles,  with  high  charges,  would  demand  grooving 
the  gun  too  finely  to  fire  spherical  shot  without  injury. 

696.  The  rifled  gim  was  found  by  Captain  Parrott,  and  in  the 
competitive  trials  of  1861  (Table  lOS),  to  increase  the  accuracy  of 
smooth  projectiles,  especially  when  a  wad  or  sabot  was  used  to 
stop  the  windage.  The  sabot  takes  the  grooving,  and  its  friction 
upon  the  shot  gives  the  latter  a  low  rotation. 

697.  Material  for  Armor -Panetalng  Projectllcfl. — A 
wrought-iron  shot,  a  cast-iron  shot,  and  a  steel  shot,  of  equal  sire 
and  practically  equal  weight,  flred  at  a  given  velocity,  carry  equal 
amounts  of  power,  and  must  expend  equal  amounts  of  power 
before  they  come  to  rest.  But  upon  striking  armor,  the  steel  shot 
produces  the  greatest  local  effect,  and  the  wrought-iron  shot  the 
least.  It  has  therefore  been  commonly  said  that  the  wronght- 
iron  shot  absorbs  so  much  more  power  than  the  steel  shot  in 
changing  its  own  figure,  that  it  has  less  power  left  for  destroying 
the  armor.  This  explanation,  however,  does  not  appear  to  satisfy 
the  conditions  of  the  case. 

698.  Ist.  "  Action  and  reaction  are  equal."  Whatever  power 
is  employed  in  bringing  either  of  the  shots  to  a  state  of  rest,  i» 
expended  on  the  armor — no  more,  and  no  less,  provided  that 
neither  shot  breaks  up.  When  a  shot  breaks  up,  a  part  of  iU 
power  is  employed  in  changing  the  direction  of  some  of  the 
pieces,  and  in  sending  them  through  space  after  they  have  glanced 
off  from  the  armor. 

699.  2d.  The  steel  shot,  the  wrought-iron  shot,  and  a  shot  of 
lead — the  weights  and  striking  velocities  being  the  same — would 

*  Jour.  Rojal  U.  Service  Inst,  Jtine,  1861 
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absorb  equal  amounts  of  power  in  changing  their  own  figures,  sup- 
posing the  target  to  be  perfectly  rigid,  and  the  shots  to  be  only 
flattened, — ^not  broken  to  pieces.  Since  power  is  force  acting 
through  space,  a  given  power  may  be  the  result  of  a  small  force 
acting  through  a  large  space,  or  of  a  large  force  acting  through  a 
small  space.  Kow  the  resistance  of  the  steel  shot  to  change  of 
fi^re  is  BO  great,  that  very  small  space  and  time  are  required  to 
absorb  the  whole  power  stored  in  the  shot.  But  the  wrought-iron 
shot  will  be  flattened,  and  the  lead  shot  will  be  mashed  into  a  disk ; 
that  is  to  say,  their  resistance  to  change  of  figure  is  so  small,  that 
the  force  must  be  resisted  through  a  oansiderable  space  and  time. 

TOO.  3d.  If  the  steel  shot  were  compressed  only  within  its 
elastic  limit,  and  the  target  could  be  supposed  to  be  both  rigid 
and  immovable,  so  as  to  absorb  no  power,  the  shot  would  re- 
bound with  sufScient  force  to  compress  the  powder  gases  into 
powder  again,  within  the  chamber  of  the  gun,  minus  the  resistance 
of  the  atmosphere;  but  no  more  nor  less  power  would  be  required 
to  compress  the  shot,  in  consequence  of  this  rebounding,  than 
would  be  required  to  flatten  the  lead  sho.t  into  a  disk  that  would 
not  rebound  at  all.     This  is  a  question  of  the  elasticity  of  metals. 

701«  4th.  Supposing  the  target  incapable  of  change  of  figure, 
but  capable  of  change  of  place :  all  the  shots  would  move  it  equally. 

709.  5th.  But  supposing  the  target  to  be  capable  of  change 
of  figure :  the  eflects  of  shot  upon  the  point  of  impact  would  not 
be  as  their  power,  but  as  the  rate  of  applying  their  force.  A  small 
force  acting  through  a  large  space  and  a  large  force  acting  through 
a  small  space,  if  the  momenta  (W  x  V)  were  the  same,  would 
move  the  rigid  target  equally,  but  they  would  not  produce  the 
same  local  eflects  on  a  target  that  was  not  rigid.  This  we  know 
from  all  the  results  of  iron  target  practice.  The  local  effect  of 
shots  are  not  to  be  compared  by  their  weight  multiplied  into  tlieir 
velocity,  but  by  their  weight  multiplied  into  the  square  of  their 
velocity.  Now  this  would  appear  to  be  one  of  the  reasons  why 
the  steel  shot  punches  the  target  while  a  wrought-iron  shot  of 
equal  velocity  and  weight  does  not  punch  it.  The  space  through 
which  the  steel  shot  is  compressed  is  so  small  that  the  tim>e  occur 
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pied  m  its  compression  is  insufficient  to  allow  the  elasticity  and 
ductility  of  the  armor,  around  the  point  of  impact,  to  come 
into  service.  The  point  stmck  is  carried  away  before  it  has  time 
to  communicate  the  shock  to  the  adjacent  matter. 

703«  6th.  Another  reason  why  the  wrought-iron  shot  producer 
less  local  effect  is  that  its  diameter,  due  to  its  flattening,  is  so  much 
greater  than  that  of  the  steel  shot, — ^not  at  the  moment  of  impact, 
but  during  the  time  of  compression.  And  the  resistance  to  punch- 
ing is  directly  as  the  diameter  of  the  punch. 

74I4.  7th.  The  co^^iron  shot  has  the  same  power  to  expend, 
but  after  devoting  what  is  necessary  to  overcome  its  own  elasticity 
and  ductility,  t. «.,  after  its  fracture,  a  considerable  amount  of  its 
remaining  power  is  devoted  to  changing  the  direction  of  its  own 
fragments  and  in  carrying  these  fragments  through  space  after 
they  have  glanced  off  from  the  target.  So  that  a  shot  broken  at 
impact  deUvers  less  power  to  the  target  than  a  shot  that  ja 
only  compressed. 

705.  8th.  But  although  the  cast-iron  shot  communicates  lew 
power  to  the  target  than  the  wrought-iron  shot,  it  conununicatea 
what  it  can,  in  so  much  less  time  than  the  wrought-iron  shot  re- 
quires for  a  given  work,  that  the  local — punching — effect  is  in 
favor  of  the  cast  iron. 

706.  Therefore,  if  moving  the  target  bodily,  if  driving  in  the 
side  of  a  vessel  is  the  object,  then  the  softer  the  shot,  the  greater 
the  time  that  it  can  be  made  to  occupy  in  coming  to  rest  withoal 
fracture,  the  less  power  will  it  waste  in  local  effect,  and  the  more 
power  will  it  reserve  for  the  purpose  intended. 

707.  But  if  the  object  is  to  punch  the  armor,  then  the  hard^ 
the  shot — the  less  the  space  and  time  required  to  compress  it,  the 
less  will  be  the  power  wasted  on  the  metal  surrounding  the  point 
struck,  and  the  greater  will  be  the  power  devoted  to  pundiing. 

708.  These  results  are  always  observable  in  armor-plate  ex- 
periments, but  were  very  well  defined  in  the  following  experiments 
at  Shoeburyness : — A  ISU-lb.  cast-iron  ball  iired  with  35  Ibe.  of 
powder  at  the  BeUerophon  target  (6-in.  plate;  104n.  backing; 
1^-iu.  skin)  struck  at  the  edge  of  a  plate,  indenting  it  3^  in.. 
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making  a  crack  10  in.  long,  driving  the  bottom  in  3^  in.,  and 
elightlj  bulging  the  skin.  A  150-lb.  Bteel  ball — same  gun  and 
charge — struck  the  junction  of  two  plates  smashing  an  11 -in.  hole 
through  them,  embedding  itself  in  the  backing,  breaking  one  rib, 
bending  another,  and  bulging  and  slightly  cracking  the  skin.  The 
cast-iron  ball  was  smashed  to  pieces ;  the  steel  ball  remained  in 
the  hole,  a  little  upset  and  chipped,  but  nearly  entire. 

709.  Two  150-lb.  cast-iron  balls  fired  at  the  Minotaur  tai^et 
(5i-in.  plate,  9-in.  backing,  f-in.  skin),  with  60  lbs.  of  powder, 
made  clean  holes  through  the  whole  structure.  A  wrought-iron 
ball  fired  from  the  same  gun,  with  the  same  charge,  made  a  hole 
in  the  plate  and  stuck  in  at,  but  did  not  go  through  the  backing. 
The  local  eflect  was  very  much  less,  although  the  distributed  effect 
was  greater  than  that  produced  by  the  cast-iron  ball. 

TIO.  A  wrought-iron  ball,  fired  at  Mr.  Scott  RusBell's  target 
with  50  lbs.  of  powder,  was  upset  from  10*372  in.  diameter  to 
12*969  in.  major  and  8*2  minor  diameter.  A  9-in.  wrought-iron 
bolt,  18^  in.  long,  fired  at  7i  and  6|  in.  plates,  with  50  lbs.  pow- 
der, was  upset  5^  in.  A  7-in.  wrought-iron  bolt,  16J  in.  long,  fired 
at  the  Inglis  13-in.  tai^t,  with  25  lbs.  of  powder,  was  upset  6^ 
in.  A  wrought-iron  lO^-in.  baH  fired  at  a  7i-in.  plate  with  45 
lbs.  of  powder,  was  upset  to  13  in.  major  diameter. 

71 1.  Low  steel,  either  crucible  steel  or  Bessemer  steel  (which 
is  the  cheapest),  compressed  under  the  hammer  into  balls,  appears 
to  be  the  best  material  for  punching  armor.  The  results  of  recent 
experiments  in  this  direction  are  mentioned  in  a  following  chapter. 
A  68-pounder  cast-iron  ball,  fired  with  16  lbs.  of  powder  at  200 
yards  range,  does  not  indent  a  good  4^-in.  plate  backed  with  18 
in.  teak,  more  than  2^  inches.  A  steel  shot  of  proper  temper 
breaks  through  the  plate  under  the  same  circumstances.* 

Mr.  Whitworth's  fabrication  of  steel  shot  and  shells  has  been 
described. 

719.  The  cast-iron  shot  used  in  armor-plate  experiments  and 
provided  for  iron-clad  war&re  by  the  U.  S.  Navy  Department, 

*  It  is  stated  that  the  British  Groyenunent  has  recently  ordered  200  tons  of  steel 
flhot 
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are  cast  from  a  very  Buperior  metal  melted  in  crucibles.  They 
are  often  fired  through  4^inch  plates  without  breaking  up, 
although  they  are  always  cracked  and  often  flattened. 

713.  Shape  of  Armor-Punching  ProJeeUlefl. — The  shape 
of  projectilas  for  range — the  sharp  point  and  the  tapering  rear — 
has  been  considered.  (637.)  The  shape  best  adapted  to  pene- 
trating armor  is  quite  different  in  most  particulars.  But  adapta- 
tion to  long  range  is  of  minor  importance  in  iron-clad  warfare. 

The  following  results  of  experiments  on  crushing  shot  of  diflTer- 
ent  materials  and  shapes  are  mentioned  by  Mr.  Fairbaim  :* 

Shots  with  cast  iron  flat  ends  crushed  with...   55*31  tons  per  sq.  inch. 

«        «    Cast  iron  round  ends  crushed  with  26*86  ** 
**        *<    Wrought  iron  flat  ends  distorted 

by   compression 74*00  ** 

**       **    Wrought  iron  round  ends 49*89  ^ 

^       **    Steel  flat  ends  slightly  compressed, 

but  not  crushed 120*27  ** 

**       *^    Steel  round  ends  crushed  with 90*46  ** 

"  From  the  foregoing  we  may  conclude  that  the  steel  shot  with 
flat  ends  would  have  followed  the  same  law  as  the  cast-iron,  pro- 
vided the  apparatus  had  been  sufficiently  strong  to  crush  the 
specimen,  which  was  not  the  case." 

714.  As  to  the  effect  produced  upon  armor  by  flat-ended  and 
round-ended  shot,  Mr.  Fairbaim  says :  ''  In  order  to  ascertain  the 
difference  between  flat-ended  and  round-ended  shot,  a  series  of 
experiments  was  undertaken  with  an  instrument  or  punch  exactly 
similar  in  size  and  diameter,  and  precisely  corresponding  with 
the  steel  shot  of  the  wall-piece  (-85  inch,  diameter),  employed  in 
the  experiments  at  Shoeburyness.  The  result  on  the  plates 
marked  A,  B,  C,  D,  is  given  in  Table  111. 

7 1  tS.  ^'  These  figures  show,  that  the  statical  resistance  to  punch- 
ing is  about  the  same,  whether  the  punch  be  flat-ended  or  round- 
ended,  the  mean  being  in  the  ratio  of  1000 ;  1085,  or  8^^  per  cent, 
greater  in  the  round-ended  punch.  It  is,  however,  widely  differ- 
ent when  we  consider  the  depth  of  indentation  of  the  flat-ended 

*  Prooeedings  Inst.  Naval  Architects,  March  2Cth,  18^ 
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Tablb  CXL— RnxsrAHoi  or  Platu  to  Flat  and  Round  Pukohkb. 


BMltUnoe  In  Ibt. 


Clisrmoter  of  pbUet^ 


punch,  and  compare  it  with  that  produced  by  the  round-ended 
one,  which  is  3^  times  greater.  Hence  we  derive  this  remarkable 
deduction,  that  while  the  statical  resistance  of  plates  to  punching 
is  nearly  the  same,  whatever  may  be  the  form  of  the  punch,  yet 
the  dynamic  resistance  or  work  done  in  punching  is  twice  as  great 
with  a  round-ended  punch  as  with  a  flat-ended  one.  This,  of 
course,  only  approximately  expresses  the  true  law ;  but  it  exhibits 
a  remarkable  coincidence  with  the  results  obtained  by  ordnance 
at  Shoeburyness,  and  explains  the  difference  which  has  been  ob- 
served in  these  experiments,  more  particularly  iu  those  instances 
where  round  shot  was  discharged  from  smooth-bore  guns  at  high 
Telodtiefi." 

716.  Capueltf  and  DestractlFonew  of  StaelU. — ^In  capacity 
for  bursting  charge,  Conmiander  Scott's  shell  was  found  superior 
to  all  the  others,  in  the  competitive  trial  of  1861.  (592.)  Expand- 
ing projectiles  are  inferior  to  those  mechanically  fitted,  in  this 
regard;  1st,  because  the  lead  or  other  soft  metal  occupies  so  much 
space  that  the  shell  must  be  increased  in  weight  and  length  (thus 
decreasing  range  and  stability),  to  hold  a  given  bursting  charge ; 
2d,  because  the  centre  of  gravity  is  thrown  back,  causing  still 
more  instability.     The  advantage  of  the  centering  shell — Scott's, 
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the  Bhant,  and  the  French  shellB — ^is  obvioiiB.  In  the  Parrott 
ehell,  however,  the  expanding  brass  ring  is  so  small  that  it  adds 
little  weight  and  practically  occupies  no  space  wanted  for  the 
bursting  charge.  The  same  is  true  of  the  shell  used  by  Ci^tain 
Blakelj  (571),  and  of  other  shells  rotated  by  brass  disks  or  rings. 

In  projectiles  having  much  lead  or  soft  metal  on  the  base,  the 
bursting  charge  is  mostly  in  the  firont,  instead  of  being  in  the 
rear,  where  it  would  allow  a  strong  thick  head  for  punching,  and 
then  throw  tlie  fragments  forward. 

717.  The  advantages  claimed  for  the  Armstrong  segmental 
shell  (550) ;  which  is  a  common  shell  filled  with  one  or  more  con- 
centric layers  of  small  iron  segments,  are  as  follows :  1st,  upon 
the  explosion  of  the  bursting  charge,  the  s^ment&  as  well  as  the 
fragments  of  the  shell  are  scattered  in  every  direction ;  2d,  one 
kind  of  ammunition  answers  the  purpose  of  solid  shot,  shell  and 
shrapnel.  It  is  stated,  however,  that  the  s^ments  sometimes 
rust  together  and  produce  little  more  effect  than  conmion  shells ; 
and  it  is  obvious  that  a  shot  already  in  pieces  will  be  inefficient 
against  armor  or  masonry.  For  field  purposes,  however,  the  s^- 
mental  shell  is,  on  the  whole,  successluL 

718.  There  is  no  doubt  that  gun-cotton  (see  Appendix)  will  be 
exclusively  employed  for  bursting  charges ;  1st,  because  it  is  S4> 
much  stronger  than  powder,  for  a  given  weight  and  bulk ;  2d, 
and  chiefly,  because  the  stronger  the  wall  of  the  shell — ^the  greater 
the  resistance  opposed  to  the  bursting  chaige,  the  more  violent 
the  explosion,  and  the  greater  the  number  of  fragments.  H^aoe 
the  tenacity  that  enables  a  steel  shell  to  penetrate  armor,  is 
the  very  quality  that  makes  the  shell  destructive  idien  it 
explodes. 

719.  Elongated  Shot  from  Saiooth-Borea. — ^Upon  this  sub- 
ject Mr.  Michael  Scott  says*  that  the  chase  near  the  muzzle  de- 
termines the  direction  of  the  shot,  that  this  may  be  made  perfectly 
straight,  and  that  the  projectile  may  be  made  to  fit  the  gun  per- 
fectly, and  without  any  difficulty  in  case  of  breech-loading,  but 

*  *'0n  Projecdlea  and  Gima,''  1S6S. 
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that  ^Hbe  real  difficulties  consist  in  adjusting  the  centre  of  gravity, 
and  correcting  the  want  of  symmetry  in  the  shot."  The  first  defect 
Mr.  Scott  proposes  to  overcome  by  making  the  shot  in  two  or 
three  unbalanced  parts  united  by  a  longitudinal  through-bolt  upon 
whicli  they  are  turned  round  till  the  wliole  is  in  balance.  Longi- 
tudinally, the  centre  of  gravity  is  to  be  adjusted  by  simply  placing 
it  in  advance  of  the  centre  of  figure.  The  form  of  the  shot  is  to 
be  made  symmetrical  in  the  lathe. 

730.  It  is  probable  that  short  shot  fired  from  smooth-bored 
guns  could  be  prevented  from  turning  over  by  these  means  within 
the  short  ranges  required  for  effective  iron-clad  warfare,  and  that 
the  weakening  of  the  gun  by  rifle-grooves  and  the  strain  due  to 
rotating  the  projectile  could  thus  be  avoided.  Such  projectiles, 
however,  if  effective,  would  not  require  a  special  armament. 
Either  the  ordinary  smooth-bore  or  a  rifle  adapted  to  firing  round 
shot  would  fire  these  balanced  projectiles;  and  the  rifle  would 
have  the  same  advantage  that  it  has  over  the  smooth-bore  in 
firing  round  balls — the  friction  of  the  wad  or  sabot  (which  must 
take  the  grooves),  against  the  shot,  would  give  the  latter  a  little 
rotation  and  proportionately  increase  its  accuracy. 

791.  Various  schemes  have  been  devised  for  rotating  smooth 
projectiles.  When  this  is  done  by  wings,  or  their  equivalents, 
acting  against  the  air  after  the  shot  leaves  the  gun,  the  velocity  of 
rotation  has  been  found  insufficient ;  more  than  tlus,  the  accuracy 
of  such  projectiles  has  appeared  to  be  more  impaired  by  the  resist- 
ance of  the  air  than  that  of  ordinary  projectiles  which  received 
their  spinning  motion  before  leaving  the  gun. 

739.  But  it  is  possible  that  projectiles  may  be  made  to  spin 
with  sufficient  velocity  to  insure  accuracy  by  the  action  if  the 
powder-gas,  hefore  they  leave  the  gun;  if  such  projectiles  are 
centred,  they  should  move  with  as  much  accuracy  as  others  of 
similar  shape  after  leaving  it. 

793,  Among  the  plans  proposed  for  this  purpose,  Mr.  Besse- 
mer's  is  illustrated  by  Figs.  336  and  337.  Channels,  m^  formed 
in  the  exterior  of  the  projectile,  conduct  the  powder-gas  to  the 
front,  h.    The  forward  end  of  these  channels  is  sharply  inclined  so 
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that  the  gas  escapes  nearly  at  right  angles  with  the  bore,  and  thus 
causes  the  shot  to  recoil  in  an  opposite  direction.  No  adequate 
test  has  been  made  of  this  plan ;  in  some  preliminary  experiments, 
Mr.  Bessemer  found  that  an  elongated  shot  fired  from  a  12-pounder 
smooth-bore  did  not  turn  over  in  going  900  yards,  and  that  its 
accuracy  was  much  greater  than  that  of  spherical  shot  from  the 
same  gun.  The  shot  made  2^  revolutions  in  the  gun  (8  feet 
length  of  bore),  charge,  2  lbs. 

734.  The  Mackay  projectile  operates  on  a  similar  principle. 
The  inventor's  patent  specification  states  that  ^'  the  Improvements 
consist  in  the  application  and  use  of  diagonal  grooves  formed  in 
the  interior  surface  of  the  gun  at  a  greater  angle  than  hitherto 


FlO.  336. 


Fig.  337. 


Bessemer^B  shot  for  smooth-bores. 


employed,  which  are  to  act  as  windage  grooves,  so  that  the  powder 
and  gas  passing  down  such  grooves  encircling  the  projectile  shall 
have  a  longer  distance  to  travel  than  the  projectile,  and  also 
cause  the  projectile  to  revolve  round  its  longest  axis  at  a  high 
rotation  as  it  passes  down  the  gun.  The  projectiles  are  not 
allowed  to  enter  or  fit  these  grooves  as  in  rifles,  but  simply  to  pass 
down  the  smooth  surface  in  which  the  grooves  are  formed."  The 
inventor  also  specifies  means  of  balancing  the  projectile. 

This  system  has  some  notoriety  in  England,  and  is  understood 
to  have  given  good  results. 

73S.  Coni^laslonfl. — Guns  for  naval  and  sea-coast  warfare 
are  required  to  punch  and  smash  armor,  to  breach  masonry,  often 
at  long  ranges,  to  shell  distant  works  and  encampments,  and  ves- 
sels that  are  not  iron-clad.  But  since  vessels  having  practicable 
size  and  draught,  and  adequate  protection,  can  only  carry  a  limited 
number  of  the  large,  strong  guns  required  for  these  purposes,  each 
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gan,  or  the  greater  part  of  a  ship's  guns,  sliould  be  capable  of 
every  kind  of  service. 

Therefore,  Ist,  the  rifling  shonld  leave  so  much  of  the  original 
bore  nntouched,  that  it  will  not  be  injured  by  spherical  shot ;  2d, 
it  should  have  a  tolerably  rapid  twist  for  the  purpose  of  sustain- 
ing and  giving  accuracy  to  long  projectiles ;  3d,  it  should  oppose 
the  least  possible  resistance  of  wedging  and  friction  to  the  pro- 
jectile, so  that  \he  highest  possible  velocity  may  be  attained. 

The  rifling  decides,  to  a  certain  extent,  the  character  of  the  pro- 
jectile. A  small  number  of  grooves  (to  fire  spherical  shot  well) 
and  a  rapid  t¥nist,  are  likely  to  strip  both  the  compressed  projec- 
tile, for  that  must  be  soft-coated,  and  the  expanded  projectile,  for 
the  part  of  that  which  takes  the  rifling  must  be  tolerably  soft  and 
quite  short.  But  the  centering  system  admits  of  a  hard-metal 
bearing,  as  well  as  a  softrmetal  bearing,  in  cases  when  the  latter  is 
at  hand  or  is  from  any  cause  desirable. 

So  that  as  far  as  the  number  and  the  twist  of  the  grooves  are 
concerned,  the  centering  system  would  appear  to  be  the  best. 
Wedging  and  friction  due  to  the  shape  of  the  grooves  may  be 
equally  well  avoided  in  all  the  systems. 

But  the  best  kind  of  projectile  is  to  be  further  determined  by 
other  considerations,  independent  of  the  rifling. 

The  compressing  system  has  three  principal  defects: — 1st.  It 
imdnly  strains  the  gun  by  suddenly  stopping  the  windage,  by  foul- 
ing, and  by  forcing  the  shot  into  a  bore  of  smaller  diameter. 
2<L  It  reduces  the  velocity  of  the  shot  by  the  compression 
and  the  fouling.  3d.  The  increasing  twist  is  impracticable,  from 
the  great  length  of  the  soft-metal  coating.  4th.  The  soft-coated 
projectile  ia  liable  to  injury  in  handling  and  in  store.  5th.  The 
windage  is  entirely  stopped,  thus  increasing  strain,  possibly 
decreasing  accuracy,  and  rendering  the  use  of  time-fuzes  uncer- 
tain. 6th.  Soft  coatings  are  likely  to  be  so  much  loosened  by  the 
heat  of  molten  metal  that  shells  could  not  be  charged  with  it. 
7th.  The  compressed  shot  must  be  fired  from  a  breech-loading 
gun. 

The  advantage  of  the  compressing  system  over  the  expanding 
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BjBtem,  but  not  over  the  centring  system,  is,  that  it  holds  both 
ends  of  the  shot  in  the  centre  of  the  bore  during  its  passage.  If 
a  soft-bearing  surface  saves  the  bore,  it  is  equally  applicable  to  the 
expanding  and  the  centering  systems. 

Tlie  chief  defects  of  the  expanding  system  are : — 1st  The  centre 
of  gravity  is  almost  necessarily  behind  the  centre  of  figure;  and, 
2d,  the  bearing  of  the  projectile  is  behind  the  centre  of  gravity ; 
both  of  which  features  tend  to  cause  inaccuracy.  3d.  The  sodden 
stopping  of  the  windage  unduly  strains  the  gun.  4th.  FouUng 
and  the  violent  wedging  out  of  the  soft  metal  to  fill  the  grooves, 
are  obvious  sources  of  strain.  5th.  The  shot  is  liable  to  injury, 
and  the  disadvantages  in  firing  time-shells  and  shells  filled  with 
molten  metal,  are  the  same  as  in  the  case  of  compressed  projectiles. 

The  expanding  system  allows  the  use  of  brass  or  copper  bear- 
ings which  will  take  the  increasing  twist  very  well  with  moderate 
charges,  and  which  appear  to  injure  the  grooves  less  than  pure 
or  hardened  lead. 

The  centering  system,  as  practised  by  Mr.  Whitworth,  Mr. 
Lancaster,  and  others,  who  use  grooves  that  the  shot  can  wedge  in, 
strains  the  gun  unduly,  and  decreases  the  velocity  of  the  projectile. 
But  the  French  system,  and  particularly  the  system  of  Com- 
mander Scott,  bring  the  minimum  wedging  strain  and  friction 
upon  the  gun,  place  and  hold  the  projectile  in  the  centre  of  the 
bore  without  shock,  allow  its  centre  of  gravity  to  be  in  the  centre 
of  figure,  and  support  the  projectile  at  or  on  both  sides  of  its 
centre  of  gravity,  thus  promoting  velocity  and  accuracy.  Hie 
centering  system  may  further  decrease  the  strain  upon  the  gun 
by  allowing  windage  and  the  increasing  twist.  The  hard  pro- 
jectile h  not  liable  to  injury  in  transportation  or  in  store,  and  it  can 
carry  molten  metal  with  safety  and  light  time-fuzes  with  certainty. 

For  field-guns,  various  expanding  projectiles  are  successful,  and 
for  heavy  guns,  the  Parrott  projectiles  and  those  used  by  Captain 
Blakely  have  done  good  service.  But  the  obvious  mechanical 
advantages  of  the  centering  system,  as  well  as  the  good  results  of 
the  shunt  guns,  the  guns  rifled  upon  Commander  Scott^s  plan,  and 
especially  the  results  of  the  French  guns,  indicate  that  this  system 
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will  be  adopte<l  for  heavy  ordnance.  The  I)est  re^ul^  including 
the  firing  of  Hpherical  idiot,  that  baye  been  attaincMl  with  heavy 
rifleti,  are  thor^)  of  the  lo*5  in.  and  18*3  in.  guna  conntracted  on 
tlm  plaa.  In  thene  gunn  the  projectile  is  centred  by  bram  ttnds 
snbiitantially  on  the  French  plan.  The  distinctive  feature  of  the 
ArmAlrong  Bhunt  sygtem^-compreiaing  the  altot  at  the  muzslc— 
is  being  gradually  abandoned. 
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CHAPTER   VL 

BBEECH-LOADma. 

796.  AdTaiitaget  and  I>eftecui  off  Uie  SyiteHi.— This  Bubjeet 
can  hardly  be  considered  of  the  most  immediate  and  paramount 
unportance,  for  various  reasons : 

797.  Firstj  the  practice :  No  efficient  breech-loading  cannon 
of  large  calibre  has  been  introduced  into  any  service.  In  the 
United  States  there  is  not  even  breech-loading  iield-artillery  in 
service,  and  no  experiments  have  been  made  in  this  directicm 
with  heavy  guns,  either  for  the  army  or  for  the  navy. 

In  Russia,  the  solid-steel  and  the  hooped  guns  constmcting  for 
naval,  garrison,  and  siege  purposes,  are  exclusively  muzzle-loaden, 
as  were  the  old  cast-iron  guns  which  they  are  intended  to  replace* 

798.  In  France,  one  of  the  best  systems  of  breech-loading  has 
been  applied  to  naval  ordnance,  but  not  to  calibres  exceeding  6*5 
inches;  and  these  guns  can  hardly  be  called  formidable  when 
compared  with  the  British  steel-lined  9-inch  and  10*6-inch  gnna, 
the  American  hoUow-cast  10-inch  Parrotts,  and  10, 11,  and  15  inch 
Rodmans  and  Dahlgrens,  or  the  8,  9,  and  11  inch  Russian  steel 
cannon,  all  of  which  are  muzzle-loaders. 

799.  In  England,  the  largest  service  breech-loader  is  the  110- 
pounder  Armstrong,  a  7-inch  gun  which  bums  only  12  lbs.  of 
powder,  which  cannot  fire  round  shot,  and  which  is  far  inferior, 
when  measured  by  penetration  in  armor,  to  the  old  cast-iron  6S- 
pounder.  The  110-pounder  is  no  longer  considered  by  the  Arm* 
strong  party  as  a  proper  gun  for  iron-clad  warfare.  No  sen'ioe 
breech-loading  guns  are  constructing  in  England,  either  for  the 
army  or  for  the  navy. 

7S0,  The  ])ractice  in  other  countries  than  thiiee  mentioned  is 
of  less  importance,  for  obvious  reasons.  In  England  and  in 
America,  the  subject  of  ordnance  has  received  more  aid  from 
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mechanical  engineers,  and  from  ample  appropriations,  than  in  all 
other  countries;  and  neither  in  England  nor  in  America  has 
hreech-loading  been  attempted  with  the  heaviest  ordnance.  In 
one  or  two  European  States  the  Wahrendorff  and  Cavalli  breech- 
loading  guns  are  employed  to  some  extent;  but  these  are  generally 
cast-iron  guns  of  limited  power.  Mr.  Krupp  has  made  a  few 
very  good  steel  breech-loaders  on  his  own  plan  (767)  for  European 
governments.  The  guns  furnished  to  these,  and  to  other  govern- 
ments, by  Captain  Blakely,  and  the  larger  hooped  guns  generally, 
as  in  Spain,  for  instance,  are  muzzle-loaders.  Breech-loaders  are 
almost  exclusively  field-guns.  So  that  the  best  practice  is  clearly 
unfavorable  to  the  system. 

731.  The  opinion  of  those  who  have  had  the  most  experience, 
although  it  must  be  admitted  that  the  experience  was  chiefly  with 
a  very  troublesome  apparatus,  is  thus  expressed  by  the  Select 
Committee  on  Ordnance,  in  1863:  "The  preponderance  of 
opinion  seems  to  be  against  any  breech-loading  system  for  the 
larger  guns." 

733.  Second.  The  grand  defect  of  the  best  breech-loading 
guns  has  been  inadequate  material.  Although  Mr.  Krupp's  steel 
breech-loaders  up  to  7  inches  calibre  have  shown  extraordinary 
endurance,  it  by  no  means  follows  that  this  best  material  would 
stand  proportionate  charges  in  guns  having  twice  the  calibre,  and 
burning  four  times  the  powder.  And  even  if  the  material  were 
adequate,  the  cost  of  a  durable  breech-loading  apparatus  would 
buy  another  muzzle-loading  gun  of  the  same  material.  To  add 
as  much  strength  to  the  reinforce  as  a  transverse  mortise  would 
take  away ;  to  construct  and  fit  up  interchangeable  hollow  screws 
or  sliding  stoppers ;  to  fit  and  renew  gas-checks ;  to  apply  open- 
ing and  closing  apparatus,  which  cannot  be  very  simple,  but 
which  must  be  very  strong  and  durable ;  to  fabricate,  keep  clean, 
and  maintain  all  these  partB  on  such  a  plan  that  two  or  three 
men  can  manipulate  them  with  ease  and  certainty,  and  without 
unusual  risk  of  disaster  from  excitement  or  carelessness,  and  of 
such  size  and  strength  that  projectiles  of  300  to  500  lbs.  weight 
can  be  fired  with  50  to  70  pounds  of  powder,  must  necessarily 
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involve  an  outlay  which  is  only  to  be  justified  by  greatly  increaeed 
efficiency,  if,  indeed,  it  can  be  accomplished  at  all  with  the  present 
materials. 

73S.  Third.  An  objection  to  very  rapid  firing  fit>m  large 
guns  is  straining  the  gun  from  the  heat  of  the  inflamed  gases. 
(336.)  '^  The  tendency  of  all  guns  to  absorb  the  heat  developed 
during  explosion  puts  a  limit  to  all  extreme  rapidity  of  fire. 
During  the  late  Russian  war,  at  Sweaborg,  it  was  found  neoeesary 
to  allow  an  interval  of  five  minutes  between  each  discharge  of  a 
mortar,  and  yet  the  whole  of  them  burst  after  an  average  of  120 
shots."* 

It  is  practicable  to  cool  the  gun  after  each  discharge  by  a  large 
quantity  of  water  injected  by  machinery  (748).  But  the  same 
machinery  tliat  injects  water  may  ram  home  the  anmiunition, 
however  bulky,  in  less  time  than  that  required  to  adjust  the  sim- 
plest breech-loading  apparatus  hy  hand. 

TS4.  Other  objections,  which  may  not  be  serious  in  all  cases, 
and  which  do  not  outweigh  any  substantial  advantages,  are  as 
follows:  There  are  more  parts  to  be  damaged.  Captain  Coles 
said  before  the  Select  Committee  on  Ordnance,  in  1863:  '*In 
muzzle-loading  there  is  the  simple  chance  of  bursting ;  whereas, 
in  the  Armstrong  there  arc  five  difierent  parts,  upon  any  one  of 
which  getting  out  of  order,  your  gun  is  hors  de  comhistr  The 
accumulation  of  dirt,  and  the  necessity  of  constant  lubrication, 
are  at  least  embarrassments  in  action.  Tlie  increased  weight  of 
the  breech-loader  is  thus  mentioned  by  Sir  William  Armstrong 
himself :t  "Breech-loading  guns  of  any  given  power  would  he 
heavier  than  muzzle-loading  guns ;  and  now  that  we  are  so  limited 
for  weight,  in  order  to  get  the  necessary  power  to  produce  the 
required  effect  upon  armor-plates,  its  increase  of  weight  becomes 
a  very  formidable  objection."  Want  of  safety  is  very  fairly  urged 
against  breech-loaders,  of  which  the  vent-pieces  and  other  parts 
blow  out  in  service ;  but  it  cannot  be  fairly  urged  against  the 
system. 

*  "Ordnance  and  Naval  Qunnery/^  Simpson,  1868. 
t "  Report  of  the  Select  Committee  on  Ordnanoe,'*  1S63. 
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79S.Fofirt/u  The  grand  advantage  claimed  for  the  breech- 
loader is,  that  it  fires  faster.  More  shots  can,  undoubtedly,  bo 
got  out  of  it.  But  in  cases  where  the  aim  is  of  any  importance, 
it  is  not  the  loading,  but  the  sighting  of  the  gun  tliat  takes  time.* 

All  guns  used  in  iron-clad  warfare,  afloat  or  ashoi*e,  and  all  naval 
guns,  must  fire  either  from  an  unstable  platform,  or  at  a  moving 
object,  or  both,  which  requires  a  readjustment  of  the  line,  or 
the  elevation  at  every  round.  There  are,  indeed,  likely  to  be 
cases  of  a  siege-gun  recoiling  on  a  chassis  so  firm  that  its 
position  would  not  require  alteration,  or  an  iron-clad  battle  at 
such  close  quarters  that  all  projectiles  would  strike  the  enemy. 
In  such  cases,  every  thing  might  depend  on  mere  rapidity  of  fire. 

7S6.  But  there  is  neitlier  practice  nor  experiment  to  prove 
that  very  heavy  guns  can  be  loaded  by  hand,  more  quickly  from 
the  breech  than  from  the  muzzle.  Even  in  the  smaller  pieces, 
the  breech-loader  is  admitted  to  possess  no  practical  advantage  in 
this  regard.  Before  the  Select  Committee  on  Ordnance,  in  1862, 
Mr.  Whitworth  said  that  he  was  not  a  partisan  of  the  breech- 
loader, "  the  muzzle  loading  gun  being  so  much  more  simple,  and 
equally  rapid  for  loading."  Sir  William  Armstrong  said  before 
the  same  Committee  in  1862,  and  said  again  in  1863,  that 
"  a  rifled  gun  loaded  at  the  breech  may  be  more  rapidly  fired 
than  a  rifled  gun  loaded  at  the  muzzle,  because  the  fouling  of  the 
bore  presents  no  impediment  to  the  insertion  of  the  bullet  when 
introduced  from  behind ;  but  as  compared  with  smooth-bored 
ordnance,  of  the  ordinary  description,  there  is  probably  nothing 
to  gain  in  point  of  quickness  of  firing."  The  practice  with  nearly 
all  the  rifled  projectiles  used  in  the  present  war,  and  with  many 
experimental  projectiles  abroad,  would  indicate  that  Sir  William's 
objection  to  muzzle-loading  rifles  is  unfounded.  The  advantages 
of  smooth-bores  for  iron-clad  warfare  have  been  considered ;  as  to 


*  "The  facility  of  loading,  and  rapidity  with  which  a  breech-loading  piece  can  be 
fired,  are  spoken  of  as  advantages  of  great  importance,  but  these  amount  to  nothing ; 
for  the  gun,  after  every  discharge,  must  be  relayed  in  order  to  obtain  accuracy  of  aim, 
and  it  iB  the  pointing  of  a  gun,  not  the  loadmg,  thftt  conBomes  time." — **  Ordnance 
and  Naval  Otmnery,"  Simpaon,  1862. 
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smooth-bores,  Sir  William  thinks  nothing  is  to  be  gained  bj 
breecli-loading. 

737*  Two  batteries  of  9-pounder  Aimstrong  breech-loaders* 
of  the  most  approved  form,  fired  100  rounds  per  gan  in  about  100 
minutes,  in  experiments  at  Dublin.  This  included  the  time 
occupied  in  moving  the  batteries  six  times  and  in  putting  up  the 
targets  twice.  On  one  occasion  17  consecutive  rounds  were  fired 
in  8i  minutes,  or  at  the  rate  of  2  rounds  per  minute.  On  another 
occasion,  at  Southsea,  with  old  Armstrong  breech-loading  9- 
pounders,  and  old  ammunition,  123  rounds  were  fired  in  138 
minutes,  including  30  minutes'  delay,  or  at  the  rate  of  1  round  in 
*87  minutes.  Another  9-ponnder  was  fired  40  rounds  in  31 
minutes,  or  at  the  rate  of  1  round  in  '77  minutes.* 

738*  Muzsle-loading  field-cannon  are  fired  more  rapidly. 
^'Field-cannon  can  be  discharged,  with  careful  aim^  about  twice 
per  minute ;  in  case  of  emergency,  when  closely  pressed  by  the 
enemy,  canister-shot  may  be  discharged  about  4  times  per  minuta 
The  12-poimder  boat-howitzer  of  the  navy,  with  experienced  gun- 
ners, can  be  discharged  at  the  rate  of  16  times  per  minute.''t 

739.  The  most  rapid  firing  that  is  recorded,  from  the  heaviest 
breech-loader,  is  50  rounds  from  a  110-pounder  wedge-gun  (760), 
which  is  obviously  more  quickly  manipulated  than  the  service 
110-pounder,  in  21  minutes,  or  at  the  rate  of  1  round  in  *4S 
minutes. 

The  heaviest  service  ordnance  in  the  world, — the  U.  S.  15- 
inch  columbiad, — is  loaded  and  fired  by  hand  when  mounted  on 
the  wrought-iron  barl)ette  carriage,  in  1  minute  10  seconds. 
Traversing  the  chassis  45^  requires  an  equal  amount  of  time. 

The  Monitor  15-inch  guns  have  been  fired,  mounted  as  they 
are  in  small  turrets,  with  but  30  inches  space  between  the  munle 
and  tlie  mtu^le-box,  in  3  minutes.  The  400  to  425  lb.  balls  had 
to  be  raised  by  a  fall,  and  the  rammer  was  jointed  and  run  out 
through  a  hole  in  the  port-stopper.     Training  and  aiming  the 


*  "  Report  of  Select  Committee  on  Ordnanoe/*  1863L 
t "  OrdniDoe  and  Oumiery/'  Benton.    1863. 
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Monitor  gnns  is  a  much  longer  operation.  The  600-poander 
Armstrong  was  fired  daring  the  first  experiments,  once  in  10 
minntes;  the  8-in.  Colnmbiad,  experimentally,  once  in  2  minutes. 

740.  It  is  probable  that  a  very  heavy  gun  can  be  the  more 
quickly  loaded  from  the  rmtzde  for  various  reasons.  In  either 
case  the  ammunition  must  be  lifted  to  the  height  of  the  bore ;  in 
either  case  it  must  be  inserted  into  the  bore.  So  far,  the  slight 
advantage  of  the  breech-loader  is  that  the  ammunition  has  to  be 
moved  laterally  but  two  or  three  feet,  while  the  muzzle-loaded 
ammunition  has  to  be  moved  the  whole  length  of  the  bore.  But 
in  manual  operations  especially,  it  is  not  so  much  the  continuance 
of  eflTort  already  commenced,  as  it  is  changing  the  direction  and 
means  of  effort,  that  consumes  time.  Hamming  a  charge  a  few 
feet  farther,  when  the  apparatus  is  adjusted,  is  not  a  serious  disad- 
vantage of  the  muzzle-loading  system.  Again,  the  gun  would  be 
almost  constantly  elevated,  so  that  gravity  would  help  the  move- 
ment of  the  muzzle-loaded  ammunition,  and  retard  that  of  the 
other.  Were  the  gun  depressed,  or  were  the  ship  rolling,  the 
breech-loaded  spherical  shot,  at  least,  would  also  require  a  wad 
to  he  loaded  from  the  muzzle.  Fixed  ammunition,  with  a  sabot 
tight  enough  to  retain  the  projectile  in  its  place,  would  be  too 
heavy  and  too  tight  for  hand-loading.  Again,  a  breech-loading 
gnn,  in  a  small  turret  or  a  narrow-waisted  vessel  or  casement, 
would  have  to  be  run  partially  out  to  be  loaded,  while  the  recoil 
drives  the  muzzle-loader  to  the  proper  position  for  loading. 

T'&l*  But  the  grand  disadvantage  of  the  breech-loader  is  yet 
to  be  mentioned.  There  is  always  a  hole  open  in  the  muzzle- 
loader,  for  the  insertion  of  the  charge.  No  time  is  wasted  in 
taking  the  gun  apart  and  putting  it  together  again,  for  that  pur- 
pose. But  the  removal  and  insertion,  or  even  the  double  move- 
ment of  vent-pieces,  screws,  or  wedges,  which  are  at  least  as  heavy 
as  the  ammunition,  and  which  will  occasionally  stick  fast  for  many 
minutes,  is  just  so  much  labor  in  addition  to  raising  and  inserting 
the  charge.  When  all  the  parts  are  so  light  that  few  enough  men 
to  keep  out  of  each  other's  way,  can  handle  them  as  fast  as  they 
would  naturally  move  their  arms,  the  case  is  entirely  changed. 
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743,  Fifth.  As  to  the  convenience  of  loading  from  the  breech 
in  narrow  turrets  and  casemente :  the  Monitor  gnns  recoil  bnt 
four  feet,  bringing  the  muzzle  but  30  inches  oat  of  the  muzzle- 
box.  Although  the  operation  of  loading  and  firing  has  been  ex- 
perimentally performed  in  three  minutes,  by  means  of  a  jointed 
ramrod  run  out  of  a  hole  in  tlie  port  stopper,  the  two  men  who 
have  room  to  work  it,  can  hardly  be  expected  to  send  the  (^O-lb. 
cartridge  and  400-lb.  shot  home  at  that  rate,  throughout  an  action, 
especially  if  there  is  any  rolling.  The  breech-loader  offers  no 
better  facilities  for  hoisting  and  entering  the  ammunition,  and 
saves  but  little  time  in  the  ramming  home  (740)  when  the  muzzle 
docs  not  project  through  the  port,  as  in  the  Monitors.  Wlien  the 
gun  is  ruu  out  of  the  port,  ample  room  is  of  course  left  behind  it, 
but  the  muzzle  is  then  exposed  to  the  enemy's  fire.  In  casemates 
only  as  wide  as  the  length  of  the  gnn,  the  piece  may  be  loaded  at 
the  breech,  but  obviously  cannot  be  loaded  at  the  muzzle.  And 
there  is  perhaps  greater  safety  in  loading  at  the  breech.  This 
whole  subject,  however,  is  relieved  by  the  use  of  machinery  f«»r 
working  heavy  guns,  and  will  be  further  referred  to.  Captain 
Coles,  who  is  certainly  an  advocate  of  whatever  will  advance  the 
turret  system,  uses  muzzle-loaders  in  his  vessels,  and  testified 
before  the  Select  Committee  on  Ordnance  in  1863,  that  he  pre- 
ferred and  had  asked  for  muzzle-loaders  to  arm  the  B^yal 
Sovereign.  Captain  Ericsson  has  recently  constructed  muzzle- 
loaders  (127)  for  his  best  turret-ships — the  Puritan  and  the 
Dictator. 

74S*  On  the  whole,  the  heavy  breech-loader  cannot  answer,  it 
should  seem,  the  grand  purpose  of  the  small  breech-load  in  <;  arm — 
rapidity  of  fire.  Its  other  advantage — convenience  of  loading  in 
close  quarters,  may  not  be  of  great  importance.  But  its  grand, 
and  in  the  present  state  of  the  art,  remediless  defect — weakness — 
is  likely  to  outweigh  all  its  advantages. 

744.  It  will  be  suggested  that  machinery  be  applied  to  the 
movement  of  heavy  breech-loading  apparatus  and  to  the  ammu- 
nition. But  less  machinery  will  produce  the  same  result  in  the 
case  of  the  muzzle-loader,  for  there,  the  ammunition  only,  hat  to 
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be  moved.  And  if  the  miu*hinery  U)  load  the  miuale-loader  ii* 
disabled,  the  gnn  can  8tiII  l>o  loaded  hy  hand,  while  if  the  bree<*li- 
loading  machinery  is  di9ahle<l  the  chances  are  tliat  the  breech 
cmnnot  bo  made  tight  again— certainly  not  without  clearing  away 
the  wreck  and  adjuAting  new  part^. 

74X1.  Rapid  Fikino  by  Ma(  inifKRT. — The  advantairc^of  rapid 
firing  are  too  obvious  to  reqnire  explanation.  The  gun-carrying 
partA  of  manageable  %\\\\i%  mn^t  l>e  small  in  extent  if  they  are  thick 

Fio.  3.17  A. 


enough  to  Iw  inTnlncml»:c' ;  m>  that  a  ffw  gtinn  mnut  do  the  work 
of  a  bn>ad^ide.  Tlie  inii«h*«inHtf  nffmhive  jw»wor  «f  imcli  ri^^M-U  in 
whicli  the  guns  are  w<irkcNl  by  hand,  in  tlit*  if«fnilnr§  fur  instance, 
is  not  due  to  a  smuU  nuinUT  of  guns  but  to  a  Muall  numlM*r  of 
pro/f*iilrji  fr^L  If  a  hhip  carrying  nix  2<>-t4m  gun*  can  fire 
each  pietH?  once  a  minute,  while  a  ship  of  the  Kame  »ixe  and  dis- 
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placement,  carrying  thirty  Bimilar  gans,  can  only  fire  each  piece  once 
in  five  minutes,  then,  other  things  being  equal,  the  latter  ship  mofit 
have  480  tons  less  armor  over  five  times  the  area  to  be  protected. 

746*  The  practice  in  some  quarters  would  seem  to  indicate 
that  a  greater  number  of  guns  is  the  only  consideration  in  naval 
warfare.  Hie  French,  for  instance,  have  sacrificed  armor-carrying 
power,  increased  top-weight,  enlarged  the  space  to  be  fired  at  and 
otherwise  impaired  the  defensive  qualities  of  their  recent  frigates, 
all  for  the  purpose  of  piling  up  two  stories  of  little  SO-pounders. 
These  SO-pounders,  fired  in  rapid  salvos,  are  not  indeed  to  be  de- 
spised, especially  by  ships  that  can  fire  but  two  guns  in  a  quarter 
of  an  hour.  But  it  is  strange  that  when  so  many  millions  have 
been  &{)ent  in  the  widest  departures  from  the  old  systems  of  ship- 
building, ordnance  and  projectiles,  not  a  single  adequate  experi- 
ment has  been  attempted,  for  the  purpose  of  increasing  the  rapidity 
of  fire  from  heavy  guns,  and  thus  vastly  increasing  the  protection 
of  vesi^els  without  decreasing  their  offensive  qualities.  Doubling 
the  rate  of  discharge,  other  things  being  eqnal,  would  quadruple 
the  resistance  of  armor,  because  it  would  reduce  the  number  of 
guns  and  the  length  of  battery  one>half,  thus  doubling  the  thick- 
ness of  the  remainder ;  and  the  resistance  of  armor  is  as  the  square 
of  its  thickness. 

747*  But  the  heating  of  the  gun,  ui^ged  against  breech-loading, 
on  the  supposition  that  breech-loading  would  increase  the  rapidity 
of  firing,  may  l>e  as  well  urged  against  any  means  of  prcHUoting 
the  rapid  dischaige  of  cannon.  Indeed,  this  is  the  only  serious 
objection,  for  it  has  been  admitted  that  accurate  aimy  which  take^ 
more  time  than  hand-loading  even,  is  of  small  importance  at  verv 
close  quarters ;  and  the  faster  of  two  opposing  vesseb  has  the 
power  to  make  the  fighting  as  close  as  possible. 

748.  The  heating  of  a  gun,  however,  can  be  prevented  by  the 
most  certain  means — the  introduction  of  water  by  machinery.  So 
long  a9  it  is  done  by  machinery,  any  necessary  quantity  of  water 
can  be  injected ;  and  flooding  the  gun  at  tlie  instant  the  chaige 
has  left  it,  must,  of  course,  abstract  tlie  heat  before  it  has  pene- 
trated much  beyond  the  interior  soj&ce.    Thus  the  proper  initial 
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straiiiB  of  the  gun  will  not  be  distarbed,  and  the  bore  will  be  thor- 
oughly deaned. 

749.  Mr.  Edwin  A.  Stevens,  of  Hoboken,  has  devised  a  very 
simple  arrangement  for  cooling  guns  with  water,  to  be  applied  in 
connection  with  his  steam-loading  apparatus.*  This  will  be  fur- 
ther referred  to. 

7tS0,  Loading  by  steam  with  great  rapidity,  has  been  actually 
practised  by  Mr.  Stevens.  The  apparatus  was  rudely  constructed, 
but  this  only  shows  that  delicate  parts  and  nice  adjustment  are 
unnecessary. 

Fig.  338  illustrates  the  machinery  as  designed  for  the  15-in.  guns 
of  the  Stevens  BaUery,  The  experimental  apparatus  (to  be  fiirther 
considered)  consisted  of  the  same  parts,  excepting  the  water-cylin- 
der and  the  steam-cylinder,  R^  for  hoisting  the  ammunition.  The 
muzzle,  Cy  of  the  gun  being  depressed  to  receive  the  charge,  the 
cartridge,  P,  and  the  ball,  i?,  connected  together  by  the  wooden 
sabot,  E  (which  also  prevents  the  ammunition  slipping  back)  are 
rolled  (not  lifted)  upon  the  scoop,  T,  when  the  latter  is  in  the  posi- 
tion U.  The  scoop  is  then  raised  to  the  position  shown,  by  means  of 
the  lever,  S^  and  the  steam-cylinder,  R.  By  moving  the  handle,  H^ 
steam  is  then  admitted  to  the  long  inclined  cylinder  of  which  the 
piston-rod,  Jy  is  the  ramrod  of  the  gun ;  the  charge  is  thus  shoved 
out  of  tlie  scoop  into  the  gun,  and  home.  iT  and  0  are  the  steam 
and  exhaust  pipes  leading  to  a  boiler  and  to  a  condenser  or  into 
the  atmosphere.  The  gun  is  then  elevated  (by  machinery,  in  the 
design  for  the  battery),  fired,  and  depressed.  The  cock,  Ky  is  then 
tamed  so  as  to  admit  water  from  any  convenient  vessel  into  the 
pump,  of  which  L  is  the  hollow  plunger.  The  rammer,  JfaT,  also 
a  swab,  is  then  run  into  the  gun  by  moving  the  handle,  Ily  carrj- 
ing  np  with  it  the  pump-piston,  Z.  As  the  rammer  is  withdrawn, 
the  pnmp-full  of  water  is  forced,  by  the  automatic  operation  of  the 
common  pump-valves,  through  the  pipe  Z,  and  out  of  numerous 
orifices  in  the  rammerrhead,  2fy  upon  the  whole  surface  of  the  bore, 

*  It  is  proper  to  state  that,  although  the  steam-loading  was  devised  and  the  cooling 
by  wiKter  suggested  bj  Mr.  Stevena,  the  details  of  the  plan  as  shown,  were  proposed 
bj  the  author. 
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from  the  chamber  to  the  muzzle.  This  operation  maj  be  repeated 
in  a  few  Beconda,  or  a  limited  quantity  of  water  maj  be  let  in  by 
adjusting  the  valve  TT,  as  the  case  may  require.  The  valve  K  is 
then  shut,  the  ammunition  having,  in  the  mean  time,  been  rolled 
upon  the  scoop  TJ^  and  the  loading  proceeds  as  before.  The  whole 
operation  of  sponging,  cooling,  and  loading,  may  be  performed  as 
quickly  as  a  man  can  make  eight  passes  with  levers  within  his 
reach.  The  water  firom  the  gun  will  not  injure  cartridges  in 
metallic  cases,  and  may  be  conducted  to  any  convenient  place  of 
discharge. 

The  whole  apparatus,  if  disabled,  may  be  removed  by  knocking 
out  a  few  keys,  thus  leaving  the  gun  free  for  hand-loading. 

7tSl  •  The  gun  used  by  Mr.  Stevens  was  mounted  on  a  iixed  car- 
riage (Fig.  339)  like  the  JVaugatuek's  (Fig.  339  A),  the  trunnion- 
slide,  Ay  being  simply  backed  with  eighteen  8-in.  disks  of  India- 
rubber  1-in.  thick  each,  to  take  up  the  recoil.  In  front  of  the 
trunnions,  half  the  thickness  of  rubber  took  up  the  counter  recoil ; 
the  gun  almost  instantly  stopped  in  the  position  from  which  it 
started. 

The  Naugaiucl^B  gun,  shown  by  Fig.  389,  was  a  Parrott  100- 
pounder.  The  gun  is  trained  with  great  precision  by  turning  the 
vessel  (Figs.  339  A  and  B)  on  her  keel,  by  means  of  twin  screws. 
The  gun  is  loaded  from  below  deck,  by  apparatus  resembling  that 
shown  in  Fig.  838,  except  that  it  is  operated  by  hand.  The  ves- 
sel is  lowered,  in  action,  to  the  deck,  by  filling  the  compartments 
in  m  with  water. 

7tS3.  But  the  gun  is  not  necessarily  depressed  for  loading.  In 
a  casemate,  afloat  or  ashore,  the  gun  may  be  wheeled  round  and 
steam-loaded  horizontally.  A  patented  plan  for  doing  this  in  a 
small  space  is  shown  by  Fig.  389  C,*  and  another  by  Fig.  339  D.f 

A  turret  may  be  turned,  after  each  discharge,  to  a  small  shot- 
proof  loading-house  on  deck.  Hough  machinery,  situated  within 
armor  or  below  water,  to  revolve  a  gun  or  its  carriage,  is  as 


*  James  Hfde,  patented  Dea  23,  \WL 
t  C.  F.  Brown,  patented  June  19,  1862. 
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practicable  as  the  delicate  and  complex  ineclianiiuu  o(  a  frigate'0 
dteam-cngine. 

A  gun  n<coiling  to  variouB  distancen  by  the  old  apjMiratuii,  may 
be  readily  plactnl,  by  mai'Iiiiierj, 
at  the  pro|)er  di^tance  for  loading; 
and  Mr.  Stc%'ens8ex]H*riment<»haTe 
i^liown  that  tlie  axLs  o(  tlie  gun  need 
not  be  exactly  aaneident  with  that 
o(  the  loading  cylinder,  nor  the  gun 
always  plac*i*d  for  loading  at  a  fixed 
distance  from  tlie  cylinder. 

7SM.  Mr.  Stevent»*s  exi>eriments  are  thtia  diM'ril>ed  in  the 
otKc-ial  ru|)ort:*  Ex]>erinientii  of  January  4ih,  ls<»2.  "A  lO-inch 
gun,  proc*ured  from  the  Navy  Department,  weighing  ItsSS  II16., 


Cro««  MH-don  of  the  AVm/rjIbdk 


walk  tiiouDti'^I  with  India-ru)»lMT  hutTrrM  lK*hin<l  the  tnuiniotif%.  Tins 
gun  wai»  louihsl  uith  the  full  wr\  !«•<•  fliarp*  <»f  11  Ih*.  of  |M»wder, 
and  a  H»lid  hphrrirul  hull  wri^rhin^r  1-*  Hia.  •  •  •  11,1,,  ^rtm 
wa*  liiad<il  hy  ^t^•alll*|M^\v^T.  the  mu7./lf  h^'iii;*  dfpn»^<M'<l  hi  iu* 
til  hriti*;  tlieU»n*  pamlicl  witli  a  Hti*ani  ryliiMl«T  hitiiutdi  h<'!o\v  a 
plattorni  uunU*  Xn  repn-M-nt  tin*  di-^k  of  the  battery.  •  •  • 
Tlie  pi^ton-rtMl  t>f  tlii-*  i»ti*:itii  eyiitider  w:ui  th<*  ratiiPHl  <»r  thr  gun. 
r|»"»n  the  iip|MT  end  i'f  thi»»  raninMl  wjui  a  ►wiih  i»hi<h  aln* 
annwered  tl»e  pnrpoM'  i»f  a  rainimT.     Tlie  eartri<Ii:t»  and  hall  were 


•  •*ll.o  .-«;«-% ciM  Iuu»-M  — MouHif^  u>  ('«iairTr««,*'  l**»l. 
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attached  to  a  sabot  and  placed  on  a  scoop  arranged  so  as  to  lift 
the  ball  to  its  proper  position  between  the  rammer  and  the  muz* 
zle  of  the  gun,  when  steam  being  admitted  to  the  cylinder,  the 
ball  was  forced  home.    The  gun  was  then  elevated  and  fired/' 

Experiments  of  January  11th,  1862.  "The  10-inch  gun, 
mounted  as  before  described,  was  loaded  by  steam  with  11  Ibg. 
of  powder  and  a  124-lb.  ball,  and  fired  four  times  with  the  same 
charge.  The  entire  time  occupied  by  the  four  shots  being  139  con- 
secutive seconds,  and  the  average  time  being  34f  seconds.  The 
quickest  time  was  25  seconds.  The  average  was  increased  by 
the  failure  of  a  friction-primer  to  go  off.  A  225-pound  elongated 
shot  was  afterward  fired  with  4  lbs.  of  powder,  having  been  loaded 
with  the  same  rapidity  as* the  124-pound  shots,  and  the  recoil 
being  less."  It  should  also  be  recollected  that  the  ammnnition 
was  raised  to  the  muzzle,  and  that  the  gun  was  elevated  an<l 
depressed  by  hand. 

7«S4.  Mr.  Eads,  of  St.  Louis,  builder  of  most  of  the  Western 
iron-clads,  has  put  in  operation  a  plan  (the  idea  having  been  also 
suggested  by  Mr.  Stevens  and  others)  of  raising  the  gnn  and 
carriage  bodily  by  steam  from  below  the  water-level,  at  the 
moment  of  firing,  and  then  dropping  it  for  loading  and  for  safety 
when  not  in  actual  use.  Steam-loading  is  obviously  practicable 
and  convenient  in  case  of  guns  thus  mounted  either  in  vessels  or 
forts. 

Mr.  Cunningham,  the  inventor  of  the  reefing  apparatus  bearing 
his  name  and  extensively  used  on  every  sea,  has  introduced  a  very 
simple  method  of  running  guns  in  and  out  by  steam  power. 

Mr.  Norman  Scott  Russell  has  devised  a  practicable  plan  of 
moving  heavy  guns  and  taking  up  thei^  recoil,  by  hydranlic 
machinery. 

Mr.  Mallet  has  invented  hydraulic  machinery  for  the  elevation, 
nmning  out,  and  training  of  heavy  guns. 

Various  other  schemes  for  performing  one  or  all  of  these  ojiera- 
tions  by  &team-jx)wer  have  been  put  forward.  Many  of  them  are 
obviously  practicable  and  applicable  to  steam-loading.  In  fact, 
working  heavy  guns  better  by  steam  than  by  hand  labor  is  not  a 
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very  difficult  problem.  Of  course,  the  subject  demands,  and  is 
worthy  of  the  highest  engineering  talent. 

75ti.  Standard  Breech-Eioaders  denertbed. — Abmstbong. 
— Two  forms  of  loading  at  the  breech  are  employed  in  the  Arm- 
strong guns — the  screw  and  the  wedge  or  side  breech-loader.  The 
screw,  which  is  used  in  most  of  the  service  guns,  is  generally 
illustrated  by  Figs.  340  to  346.  The  breech-piece  D,  Fig.  344, 
which  forms  a  continuation  of  the  second  tube  J,  receives  in  its  rear 
a  hollow  screw,  A,  of  about  the  diameter  of  the  inner  tube,  so  that 
the  bore  of  the  screw  forms  a  continuation  of  the  bore  of  the  gun, 
except  that  it  is  a  little  larger  in  diameter  to  allow  of  the  easy 
insertion  of  the  projectile.  At  the  forward  end  of  this  screw,  a 
vertical  mortise,  G,  is  cut  in  the  brefech-piece  for  the  movable 
vent-piece  E.  The  vent-piece,  when  inserted,  forms  the  bottom 
of  the  bore,  and  when  removed,  opens  the  bore  from  end  to  end 
of  the  gun.  To  hold  the  vent-piece  firmly  d.uring  the  explosion, 
the  hollow  screw  is  turned  hard  against  it.  The  explosion  of  the 
powder  reacts  through  the  vent-piece  upon  the  forward  end  of 
the  screw,  and  through  the  screw-threads  upon  the  breech-piece, 
whence  it  is  transferred  by  the  tenacity  of  the  longitudinal  fibres 
of  the  breech-piece  and  the  friction  of  the  rings  which  embrace 
it,  to  the  trunnions. 

To  load  the  gun,  the  revolving  hammer  B  attached  to  handles 
at  the  rear  of  the  gun,  is  struck  upon  projections  on  the  screw, 
(C,  Fig.  346),  thus  starting  it  back,  when  it  is  easily  unscrewed 
enough  to  allow  the  vent-piece  to  be  lifted  out  The  bore  of  the 
gun  is  then  open  from  end  to  end  and  may  be  sponged*  and 
loaded  from  the  rear. 

7«Stt.  The  breech-screws  for  the  smaller  guns  are  solid  forgings 
of  steel.   For  the  40-pounders,  70-pounder8  and  110-pounders,f  they 


*  The  armj  gun  is  alwajB  not  sponged,  but  is  deaned  bj  a  greased  wad.  See 
"  Rifling  and  ProjectOes." 

f  It  is  worthj  of  remark  that,  in  1862,  some  steel  forgings  for  110-pounder  vent-pieces 
were  returned  from  Woolwich  to  the  makers  as  being  unsound  and  unfit  for  use. 
These  forgings  were  afterwards  put  to  the  most  severe  tests,  displayed  in  the  Great 
Bxhibition  of  1862,  and  noticed  bj  experts  as  very  fine  specimens  of  tough  steeL 
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are  of  wronght-iron,  with  Bteel  ends  to  bear  against  the  vent- 
pieces. 

7S7.  The  vent-pieces  have  been  made  of  wrought  iron,  hard 
Bteel*  and  sandwiched  iron  and  steel,  which  respectively  mashed, 
cracked,  and  split.    Steel  toughened  in  oil  is  now  employed. 

7S8*  The  gas-check  for  the  smaller  guns  consists  simply  of  a 
ring  of  copper  let  into  the  face  of  the  vent-piece  and  jammed 
against  the  end  of  the  powder-chamber  (Fig.  16,  page  9)  by  the 
screw.  A  bushing  of  iron  is  sometimes  employed  in  the  larger 
guns.  In  the  110-pounder,  it  has  been  found  necessary  to  attach 
a  tin  cup,  similar  in  position  to  the  steel  cup  in  Ernpp^s  gun  (Fig. 
348),  to  the  face  of  the  vent-piece ;  this  cup  projects  into  the  powder- 
chamber,  and  forms,  by  its  expansion,*  a  tolerably  good  gas-check, 
although  it  stands  but  one  round.  But  with  this  form  of  gas- 
check,  the  screw  and  the  vent-piece  are  unnecessary.  The  required 
accuracy  of  workmanship  and  liability  to  derangement  may  how- 
ever be  inferred  from  the  following  instructions  taken  from  British 
Artillery  recorcls :  "  The  allowance  between  the  nose  of  the  vent- 
piece  and  powder-chamber  should  be  exactly  y/yy  of  an  inch  or 
T^^  difference  in  diameter.  If  less  than  this  is  allowed,  any  burr 
or  upsetting  of  the  vent-piece  nose  will  cause  it  to  jam  in  the  gun, 
and  if  a  greater  allowance  is  given,  the  edges  of  the  cup  will  be 
split  open  and  blown  by  the  gas  into  the  space,  and  the  faces  will 
be  destroyed." 

7tS0.  Sir  William  Armstrong  stated  in  his  evidence  before  the 
Select  Committee  on  Ordnance,  1863,  that  300  rounds  was  a  very 
good  endurance  for  a  vent-piece,  theoretically ;  and  that  practically, 
but  117  had  failed  during  the  firing  of  30,000  rounds.  This  would 
give  256  rounds  as  the  average  endurance. 

The  vent  is  made  in  the  vent-piece  so  that  it  can  be  readily  re- 
newed in  case  of  undue  enlargement.f 

*It  is  stated  that  484  Tent-pieoea  of  unsoitablj  tempered  steel  were  made  at  WooL 
wich  at  the  cost  of  £10,000  to  £12,000,  and  then  abandoned  without  trial 

f  "The  present  llO-poonder  senrice  rifled  ^n  has  a  movable  breech-piece,  which 
requires  two  primings— that  is,  the  lower  part  of  the  vent-pieoe  is  first  primed,  and 
when  this  vent-piece  is  placed  in  the  gnn  a  tube  has  to  be  put  in  on  its  top,  and  thus 
on  discharge  the  gon  hangs  fire  from  two  ignitions,  and  the  shot  is  afterwards  detained 
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760.  Another  method  of  cloeing 
the  breech  has  been  considerably 
employed  in  the  later  experimental 
Armstrong  ordnance.     It  is  called 


u 


PiQ.  345. 


Breech  of  40-poimder.    From  a  photograph. 

the  side  or  wedge  breech-loader,  and 
may  be  generally  described  as  a 
cross-piece  or  sliding-block  inserted 
in  a  horizontal  mortise  which  inter- 
sects the  bore  at  right  angles.  This 
block  is  fitted  with  a  sliding  ham- 
mer, and  has  on  its  face,  which  forms 
the  bottom  of  the  bore,  a  thin  iron 
or  tin  cup  (similar  to  <?,  Fig.  348)  to 
stop  the  gas.  The  sliding-block  is 
similar  to  that  of  the  Cavalli  gnn, 
Fig.  3G4,  and  the  block  and  ham- 
mer together  are  situated  somewhat 
like  the  two  wedges  in  the  Prussian 
gim,  Figs.  370  and  371. 

until  it  cuts  its  way  through  the  grooves  in  the 
gun.  The  differenoe  betweeu  this  gun  and  the 
smooth-bore  is  therefore  somewhat  similar  to 
that  between  the  old  flint-lock  and  the  new 
percussion-musket,  and  this  hanging  Are  is  a 
very  material  disadvantage  in  naval  warfare." 
— Captain  FishboumCt  Jawr,  Royal  OnUed  Service 
/tut,  1802. 
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761.  The  arrangement  is  thas  described  bj  Sir  William  Arm- 
strong  :*  ''  In  the  ordinary  construction  of  the  gan,  the  slot  or 
chamber  which  received  the  vent-piece  was  cnt  through  the  gnn 
in  a  vertical  direction,  whereas  in  the  model,  it  passed  througli 
horizontally.  This  slot  or  chamber  contains  a  stopper,  correspond- 
ing in  its  function  to  the  vent-piece ;  but  in  this  case  called  a 
stopper,  because  the  vent  was  in  the  gun  and  not  in  the  stopper. 
It  also  contains  a  sliding-block,  slightly  wedge-shaped  at  the  back, 
and  which  performed  the  part  of  a  screw,  in  the  other  arrange* 
ment.  Where  the  prevention  of  the  escape  of  gas  depended  n{K>a 
the  mere  pressure  of  well-fitting  surfaces,  the  application  of  a  screw 
was  requisite,  to  render  the  contact  of  those  surfaces  sufficiently 
close,  but  when  the  prevention  of  escape  was  effected  by  a  cup  (a 
thin  iron  expanding  cup  behind  the  charge)  it  was  only  necessary 
to  give  support  to  the  stopper,  and  hence  the  screw  was  dispensed 
with.  The  sliding-block  was  fitted  with  a  running  handle  which 
acted  as  a  hammer  in  overcoming  the  friction  of  the  block  against 
the  stopper.  By  first  using  the  handle  as  a  hammer,  and  then 
applying  a  gentle  pressure,  the  block  was  thrust  back  against  a 
stop  which  prevented  its  going  too  far.  The  stopper  was  then 
drawn  forward  by  which  means  the  breech  was  opened,  and  the 
shot  and  charge  inserted.  The  iron  cup  was  then  applied  to  the 
projecting  face  of  the  stopper,  and  by  means  of  a  button  upon  the 
face  of  the  cup,  was  rendered  a  fixture,  by  giving  it  a  portion  of  a 
turn."  The  face  of  the  stopper  enters  half  an  inch  into  the  bore. 
The  chief  object  of  this  apparatus  is  to  prevent  the  necessity  of 
lifting  out  a  heavy  vent-piece. 

769.  The  wedge-block  of  the  40-pounder  weighs  118  lbs.,  and 
the  stopper  27  lbs  The  weights  of  these  pieces  for  the  70-ponnder 
are  201  and  66  lbs.  respectively.  Several  llO-poundershave  been 
constructed  on  this  plan.  The  largest  breechloader  made  by  Sir 
William  Armstrong  is  an  8*5  in.  wedge  gun.  It  was  injured  by  a 
small  number  of  rounds. 

763.  The  rapidity  of  fire  by  Armstrong  breech-loaders  has 

^  Difloussionoa  "The  National  Defences,"  Inst  OitU  Engineerii  1861. 
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been  referred  to.  With9-poand- 
ers  of  the  old  pattern,  and  the 
old  ammunition,  132  rounds 
were  finHl  at  the  rate  of  one 
round  in  '87  minute,  and  40 
roundtf  at  the  rate  of  one  round 
in  '77  minute.  With  new 
9-pounder«  and  appro vg<1  am- 
munition, 17  couMvutivc  n»und8 
were  fired  at  the  rate  of  one 
round  in  '5  minute.  The  aU>ve 
gum  had  the  hreech-«<?rew  and 
vent-pifi-e.  With  the  Bide  hreech- 
h»a<ler  the  following  practice 
ha«  been  made : — With  the 
40-|>ounder,  at  5**  elevation,  25 
rounds  at  tlie  rate  of  one  round 
in  02  minute;  at  1<P  elevation, 
25  n»und«  at  the  rate  of  one 
round  in  -03  minute.  With 
the  7<>-|w»under,  at  o""  and  lo"* 
elevatifm,  50  rounds  at  the  rate 
of  4Mie  mund  in  *ri5  minute. 
With  the  llO.{H>under,  50 
roundii  at  the  rate  of  one  round 
in  *42  minute. 

7#4«  An  immeni>e  tnats  of 
inf«>rmation  n*Iative  to  the  ad- 
van  tagen,  diHadvmnta|rt*fi,  and 
faiiurcM  of  the  Ann<»tn»ng 
hn^'h-loadcra,  wim  cIirito<l  hy 
the  S^'lcct  Committee  t»n  Onl- 
nanc^e  in  1H02  and  1S63.  It  i« 
pcrha{ia  onnecetfaary  to  refer  to 
thii  evidence  or  to  the  merit*  of 
tlli^  M  <ktem,  further  than  to  (juute 
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the  opinion  of  the  Committee,  that  ^^the  prepouderance  of  opinutn 
seems  to  be  against  any  breech-loading  system  for  the  larger  ffxins^'' 
and  the  remark  of  Captain  Blakely  before  the  same  Committee — a 
remark  which  would  appear  to  dispose  of  the  screw  system: — "Mr 
objection  has  been  to  the  Arffistranff  breech-loader.  My  objection 
to  that  is,  that  the  breech-plug  is  only  a  valve ;  and  the  first  princi- 
ple of  every  valve,  whether  the  vessel  contain  water  or  oil,  or  gas-. 
is  that  the  pressure  of  that  fluid  should  press  the  valve  tighter.  !Now 
Sir  William  Armstrong's  breech-loader  is  on  a  diametrically  op- 
jMjsite  system ;  nothing  there  confines  the  gas  but  the  actual 
amount  of  labor  expended  in  the  screwing  up  of  the  breech.  If 
the  gas  is  stronger  than  the  man,  aided  by  the  screw,  the  gas  will 
escape ;  if  the  man,  aided  by  the  screw,  is  stronger  than  the  gas,  it 
will  be  kept  in.''* 

76tS.  It  should  be  stated  that  several  1 10-ponnder  screw  breecit- 
loaders  have  endured  100  rounds  with  projectiles  increasing  in 
weight  from  100  lbs.  to  1000  lbs.,  not  however  without  requirinir 
a  renewal  of  a  part  of  the  apparatus  (437). 

766.  A  substitute  for  the  Armstrong  vent-piece,  which  must  be 
lifted  out  of  its  seat,  is  illustrated,  in  horizontal  section,  by  Fig. 
347,  and  was  patented  by  Mr.  Alger,  of  Boston,  Dec.  24, 1861.   The 

J.  cross-plug  forms  a  continuation  of  the  bore 

when  the  handle  is  vertical,  and  dorses  the 
bore,  l>eing  set  up  firmly  by  the  screw,  when 
the  handle  is  horizontal.  A  suitable  ga^ 
check  might  be  placed  through  the  hollow 
screw,  in  a  recess  in  the  crosii-plug,  by  re- 
Ajgers    reec  -oa  er.      y^jyjjjg  i\^q  latter  through  half  a  circle. 

767.  Kbitpp.  — Tliis  is  generally  pronounced  in  England  the 
most  simple,  strong,  and  trustworthy  breech-loader  that  has  been 
subjected  to  extreme  proof.     It  consists  of  a  block,  sliding  in  a 


*  **We  understand  that  the  farther  manufacture  of  100-lb.  lead-ooated  shot  for  the 
Armstrong  breech-loaders  has  been  stopped,  as  it  is  in  contemplatioii  to  convert  tbe 
gims  into  muzzle-loaderSf  firing  non-leaded  shot,  so  sooo  as  the  70>pounder8  now  io 
process  of  conversion  from  breech-loaders  are  finished." — Army  and  -Wwy  Gateik, 
August  13,  1864. 
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horizontal  morti}^)  crriMing  the  lN>re  of  the  gnn.     Tlie  gAK-i-ht^ck 
w  a  steel  ring  L-AhaiMxI  in  (Tt>ss-MH*ti4>n. 

Fig.  MS  irt  a  horizontal  flection  of  the  hree<*h,  copitMl  from  Mr. 
Enipp'0  Engliiih  patent,  of  Oct  29,  iSiVi:  Xo.  2010.  Tlie  l)oro 
afiA  continued  throughout  the  length  of  the  gun.  The  hliiling- 
block  h  iii  lighten<Ml  by  the  removal  of  metal  at  <*  an<l  d  (^h>  al>4> 
Fig.  352 ^  and  in  iitart4*<l  out  by  the  levi*r  //«,  He<'unNl  to  the  hinge 
o^  and  bearing  against  the  piiM*c  n^  whi(*h  may  lie  renewiNl.     The 

Pio.  a4S. 
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••t4M»l  ring  *%  iIetai*haMe  wIhmi  pp«juirrNl,  fnmi  tht»  hliding-bl«Mk, 
c«fl(«ctually  pn'VfiitH  the  <*M»a[M»  of  ga*,  by  ex|mndiiig  U»th  agatnM 
the  iMiro  and  u^uin"!  th<*  MhIc  whrn  iiti(h*r  pn«*^un*. 

TON.  A  lUMH*  ronvi»nirnt  hit  nation  of  th«»  g:i-«hiHk  i-  hlii»wn 
by  l-Tg.  319,  when*  tho  rin;;  /•,  I^Mng  h»t  iriti>  thi»  ^li(lin::  bliN-k  K 
ia  withdrawn  with  it,  arid  may  !«•  iii«»|iert4Ml  or  rrnrHi**!  durin^^ 
the  l«»a4lin;f.  Thi**  f(»rm  i-^  em|*I<iy(*<l  in  the  ginu  put  t«»  <«\tn*me 
t4Mt  St  W(M»Iwi(*h;  thi*  bnHH'h  of  the  ll<>.|M>under  i«  nhown,  with 
tlie  sliding  bhM*k  in  place,  by  Fig.  350,  and  with  the  bbirk  re- 
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moved,  by  Fig.  351.     Fig.  352  shows  the  sliding-block  in  per- 
spective. 

In  loading,  after  the  block  is  started  out  bj  the  lever,  it  i^ 
easily  drawn  out,  being  guided  by  proper  grooves,  until  the  charge 
will  pass  through  the  opening  //,  Fig.  348,  into  the  chamber.     . 

Other  metals  than  steel  may  be  used  for  stopping  the  ga& 
Cups  of  pasteboard,  even,  were  used  in  the  first  6-pounder  tried 
at  Woolwich.     One  of  them  stood  7  rounds. 

769.  In  1862,  three  of  Mr.  Erupp's  breech-loading  steel  gan$ 
were  tested  at  Woolwich — a  20-pounder,  a 
40-pounder,  and  a  110-pounder,  of  3-75-in., 
4'75-in.,  and  7-in.  bore  respectively,  rifled 
upon  the  Armstrong  plan  with  44, 66,  and  76 
grooves  respectively.  The  projei'tiles  were 
lead-coated.  The  20-pounder  fired  one  round 
with  3  lbs.  10  oz.  charge;  2  with  5  lbe^. 
charge;  3  with  3  lbs.  10  oz.  charge;  100  with 
2i  lbs.  (service)  charge,  and  a  projectile  in- 
creased by  the  weight  of  1  shot  every  10 
rounds,  from  20  to  200  lbs. ;  and  30  rounds 
with  5  lbs.  charge,  and  projectiles  increa&«d 
by  the  weight  of  one  shot  every  3  n^und^ 
from  20  to  200  lbs.  During  the  firet  100 
rounds,  three  gas-rings  were  used.  One  of 
these  was  spoiled  by  the  blowing  out  of  the 
sliding-block  at  the  73d  round,  with  a  140- 
lb.  projectile.  The  40-poundcr  fired  7  **  de- 
veloping" and  "  proof"  rounds,  and  100  rounds 
with  projectiles  increasing  in  weight  from  40 
to  400  lbs.  The  110-pounder  fired  7  ^*  devel- 
oping^' and  "  proof"  rounds,  and  1(K)  rounds 
with  projectiles  increasing  in  weight  from 
100  to  1000  lbs.  The  lOOO-lb.  projectile  w» 
7  in.  in  diameter,  and  8  ft.  9^  in.  long.  (See  Tables  19  to  SI, 
pages  98  to  100.) 

The  sliding-blocks  of  these  guns  worked  with  ease  thioiigfaoat 


Krupp*8  gas-check. 
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thi«tie  cxiterimcnU.     A  block  was  occasionally  blown  oat  under  the 
enonnoun  prehKure,  and  the  gaa-cbecks  were  oocaaionally  renewed, 
without  delay.     The  guns  arc  ap{>arently  as  serviceable  as  ever. 
7T#.  Bboadwell* — Another  form  of  gas-check,  patented  in 
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lin'«H*h  of  Knipp  110-|KHin*l«  r. 

England  by  Mr.  Broadwolljs  nhown  by  Fig.  3r>3.  As  in  Krupp's 
pin.  the  hIidinpbl<M*k  in  ^tart(1I  out  by  the  lever  a,  and  a  i^teel 
rin^  is  placed  in  the  end  of  the  Ixire.     But  an  undercut  copper 

Fin.  WI. 


rinf?  is  alii4>  plai^evl  in  a  rroeM  in  the  i»Iidin^-bl(M*k,  and  tlie  two 
riuj:*  arc  f«in*t*<l  t<i^t*ther  by  tlie  piMit. 

7TI,  Stkibm. — The  gas-che(*k,  and  the  Di«'ans  nf  fai«tening  it. 
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used  by  Mr.  Storm,  of  New  York,  are  illuBtrated  by  Figa.  354 
and  355.  Sabstantially  tlie  same  arrangement  haa  been  applied^ 
with  great  saccesB,  to  small  arms,  both  here  and  in  England. 
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SUding-block  of  Krupp  110-pounder. 

The  engravings  are  thus  described  in  the  patent  specification : 

"  The  main  object  of  this  part  of  the  invention  is  the  applica- 
tion of  the  gas-check,  or  valve,  which  consists  of  a  loose  tubular 
lining,  which  fits  into  the  barrel  of  the  weapon,  and  covere  the 
junction  between  the  barrel  proper  and  the  breech-piece;  and 

Fio.  353. 


Broadweira  breech-kMwler. 


being  capable  of  an  endway  movement,  by  reason  of  the  expan- 
sive force  of  the  ignited  jx>wder,  will  completely  seal  the  joint 
between  the  bree<ih  and  barrel.   *     *     * 
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**  A  ii*  a  bam»l  of  the  cannon,  provide*!  at  its  iiiiuT  or  rear  end 
with  a  8crew-thread,  which  take's  into  a  hollow  M*rew  tapped  in 
the  bre4*cb-frame  B.  Thin  lioHow  M-rew  or  riii^  carrii*^  the  trun 
nionit,  and  fonnA  the  forwanl  end  of  the  brtnvh  frame.  On  the 
under  side  of  the  tninnioti  ring  two  In^n  are  fonne<l  to  receive  a 
tran^verne  axh*  a,  which  pji^tu^n  thnmirh  a  nimilar  lu^  fonncd  on  a 
hin«,i'-piece  (\  atta<*h(Ml  to  the  movable  bree<-h  D.  Kevtnl  U>  xhU 
axle  irt  a  wi'i^hted  lever  A,  whit-h  h<'r>t*H  to  roimterbalancv  the 
breech,  and  thereby  fiu*ilitat<*«i  the  workin^r  of  the  gun.     The  rear 

YuuL  3:^1  BDd  3r>.v. 
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end  of  the  bnHH*hfnime  B  in  tap|)iMl  to  rweivr  a  quick  wrew  E. 
which  i^  o|N*nit(Ni  by  a  winch  handle  F,  and  ent4*n«  a  hole  burtnl 
in  tlu*  n*ar  end  of  the*  bn*4*ih,  f »r  the  puqM»«e  of  M^-urinfr  it  in 
|M»*ition  HJirn  the  rann^n  hiin  Ytv^u  rhar;:t*<l.  A  re(*<***<4  ij4  made  in 
the  bree<h  <'haml»er  to  nx*ci%c  the  iraiM'hwk  or  valve  (f,  the  tnmt 
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• 
end  of  which  projects  into  the  barreL  The  vent  c,  for  firing  the 
cannon,  is  carried  through  the  breech-frame  to  give  access  for 
priming,  so  that  if  bj  any  chance  it  is  attempted  to  fire  the 
charge  before  the  breech  is  brought  ^^home,"  or  to  its  proper 
position,  the  vent  will  be  closed  by  the  hole  in  the  breech-frame 
not  being  in  coincidence  with  that  of  the  breech.  To  charge 
the  cannon,  withdraw  the  screw-bolt  E,  by  means  of  the  winch 
handle  F,  and  let  the  breech  fall  into  the  dotted  position,  when 
the  valve  G  wiU  come  away  with  it.  In  the  breech-chamber, 
contracted  by  the  insertion  of  the  valve  G,  which  forms  a  lining 
thereto,  the  cartridge  is  placed,  and  the  shot  or  shell  is  inserted 
in  the  barrel  of  the  cannon  through  the  now  open  rear  end; 
then,  by  means  of  the  weighted  lever  ft,  raise  the  breech  into 
position,  as  shown  at  Fig.  2,  and  secure  it  there  by  the  screw-bolt 
E.  The  cannon  is  then  ready  for  firing.  For  adjusting  the 
cannon  to  the  proper  angle  for  firing,  the  elevating  screw,  or 
analogous  device,  is  provided  in  advance  of  the  trunnions,  instesd 
of  in  rear  thereof,  as  heretofore. 

779.  ^  It  will  be  understood  that  the  barrel  of  the  cannon  may 
have  a  smooth  bore,  or  be  rified,  as  thought  most  desirable,  and 
that  shots  or  shells  of  any  suitable  construction  may  be  employed 
therewith.  The  part  of  the  gas-check  or  valve  6,  which  overlaps 
the  rear  end  of  the  barrel,  is,  by  preference,  formed  with  a  curved 
face,  the  curve  being  struck  from  the  axis  of  the  supporting  hinge.** 

773.  Fbench.  This  is  adapted  from  an  American  plan  illns- 
t rated  by  Figs.  356  and  357.*  Six  of  these  guns  were  fabricated 
at  Boston  for  the  British  Government  in  1855,  but  owing  to  the 
eluiiisiness  with  which  the  principle  was  carried  out  they  have 
never  been  mounted  for  service.  A  screw  is  cut  in  the  enlarged 
end  of  the  bore  at  b.  A  corresponding  screw  is  cut  u{)on  the 
breech-plug  a.  Three  longitudinal  grooves  are  then  planed  oat 
of  the  screw  cut  in  the  bore,  and  similar  grooves  are  planed 
across  the  threads  of  the  brceeh-pieco.  In  other  words,  Uie  screw- 
threads  are  "  stripped"  at  three  places  in  the  gun  and  at  three 

*  A  plan  similar  to  this  was  patented  in  the  United  States,  by  John  P.  SdMnkl  md 
Adolph  S.  Saroni,  August  16,  1853. 
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plac*oH  in  tlie  plug.  The  plag  may  tlion  bo  ftr4){)e4l  into  the  gan, 
tlio  threaik  of  the  fomicr  entering  the  grooves  of  the  latter.  By 
tumini:  the  plug  one-t^ixth  of  a  revohition  the  MK'tions  of  threads 
left  on  the  ping  enter  th(»i»e  left  in  the  gun,  nn<i   lioM   the  two 


^ 
I 


togi»th«T  juht  ai»  if  thoy  hail  lHM»n  f^-rewcHl  in.  Or  the  tlirf*a4lii  may 
f«»nn  itMii*|»i*n<h*nt  circular  ri^ltfiM  in^tfail  of  hring  lieliciil^  the 
ohjit't  Ininsj  to  nave  the  time  lu^^'t'^-mry  to  wrcw  in  the  plug, 
ifiliirh  Would  ntpiiro  20  or  3o  n*\<>iutionii.  The  plnir  a  turn*  in 
tilt*  <*oII;ir  t\  to  which  ii<  attai-lml  t!t«*  pinion  #/,  hy  mc*iui«  of  which 
the  phi;:  i*  withdrawn  ami  »iif»|H»rtt»«l  on  the  nu-k  €, 
IVJ 
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774*  In  place  of  this  clnmsj  withdrawing  apparatnfi,  the  plug 
of  the  French  gun  is  secured  to  a  simple  slide  upon  which  it  is 
supported  and  turned  far  enough  to  one  side  to  leave  room  in  the 
rear  for  the  insertion  of  the  charge.  A  suitable  gaa-check  is  fast- 
ened to  the  end  of  the  plug. 

775.  In  some  of  these  guns  (6'4-in.  bore)  recently  fabricated  in 
England,  Erupp's  steel  cup  (Fig.  349)  is  used  for  this  purpose.  The 
guns  consist  of  steel  or  wrought-iron  barrels,  placed  within  old  cast- 
iron  guns,  upon  the  plan  employed  bj  Captain  Palliser  (331).  Thej 
are  rifled  for  the  French  projectiles,  with  the  increasing  twist. 

776.  The  French  guns  are  generally  of  cast  iron,  hooped  with 
steel.  A  large  number  of  them  have  been  mounted  in  iron-clads, 
and  it  is  understood  that  many  more  are  being  constructed  of  sted. 

This  breech-loading  apparatus  obviously  weakens  the  gun  less 
than  the  side  mortise  in  any  form.  Half  the  screw-threads  are 
cut  off,  but  solid  guns,  or  those  made  of  thick  tubes,  are  not  Itkdy 
to  fail  longitudinally.  Increasing  the  leugth  of  the  plug  remedies 
this  defect,  and  also  increases  the  resistance  to  bursting.* 

777.  As  to  facility  of  loading,  it  would  not  appear  to  poeaess 
any  advantages  over  Krupp's  plan,  the  bore  of  which  is  opened 
by  two  movements.  The  plug  of  the  French  gun  has  to  be 
turned,  withdrawn,  and  then  moved  to  one  side.  The  6*5  in.  gun 
(the  largest  to  which  this  apparatus  has  been  applied)  is  said  to 
be  loaded  six  or  seven  times  as  rapidly  from  the  breech  as  from 
the  muzzle ;  the  plan  is  highly  approved  in  France,  and  has  beeo 
thought  worth  copying  in  England. 

778.  Blakely. — To  realize  the  advantages  of  a  ping  parallel 
with  the  bore,  and  yet  to  withdraw  the  plug  without  unscrewing 
its  whole  length,  Captain  Blakely  devised  the  taper  screw  shown 
by  Fig.  358.  This  is  described  in  an  addition,  dated  April  4, 
1800,  to  his  French  Patent  of  June  28,  1855  (333).  After  the 
plug  A  is  unscrewed  two  or  three  turns  it  may  be  vrithdrawn 
longitudinally  on  the  slide  £  without  further  turning.  The  thin 
end  of  the  screw  forms  a  kind  of  gas-check. 

*  In  Bome  of  the  French  guns  the  end  of  the  braeob-pliig  is  hoOowwl  out  to 
the  charge  and  to  form  a  ga»^?heok. 
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7T9,  Nasmtth. — ^The  failare  of  die  ordinary  screw,  even  with 
a  alight  Uper,  is  illostrated  bj  the  following  acconnt,  from  official 
sources,  of  the  stroctnre  and  te^t  at  Woolwich  of  a  plan  pro|>uMMl  by 
Mr.  James  Nasmjth.  In  1859,  an  ordinary  cast-iron  33-pounder 
was  converted  into  a  broccli-loadcr  at  Woolwich  nnder  the  direc- 
tion of  Mr.  Nasmyth.  A  wrought-iron  plugy  13  in.  long,  was 
screwcMl  fur  9|  in.  with  a  V*thrcad  rounded  at  the  top  and  bot- 
tom ;  pitch,  }  in. ;  angle  of  side  of  tliread,  60^.  A  corresponding 
thread  in  the  breech  of  the  gnn — a  continoation  of  tlie  bore — 
recei%'cd  this  plug,  which  was  slightly  tapered,  being  8'1  in.  dia- 


ISUkdjr't  brvedi-UMdifiK  fnm,  with  ialmiul  ttrHiirfatlMoiiiK  Uib«. 

meter  at  the  bark  end,  and  S  in.  next  the  cliamber.  The  (K^int 
ci  the  plug  wa4  evIindricaU  terminating  in  tlio  frustum  of  a 
eone,  and  fitting  a  c*orn*!*|M»nding  recvM  in  tlie  bore.  Tlie  plug 
was  turned  by  a  5ft.  lever. 

7H9.  After  2  prtMif  mundit  witli  21)  l)»s.  p(»wder,  32-lh.  liliot, 
and  2-n>.  wails  the  gun  ^n*  finnU  10  niunds  with  10  \\r^.  |miw- 
der,  32lb.  ball  and  wad.  No  es4*ii|>c  of  gas  was  olmervalile  with- 
out, but  the  thri*iid«%  (»f  the  M*n*w  were  diM*oIon*<l  fnim  0  t4>  10  in. 
The  plug  i«howe<l  no  indication  <»f  diMpla4*ement,  but  work(*<l  very 
Miff,  althoii;;h  clcuniHi  and  oiU^l  at  eat*ii  ntuad,  and,  at  the  l^th 
n*und,  lM*<*anie  imniovab)**  l»y  the  force  at  hand.  After  4  hour%* 
lulM>r  with  »lc4lg(*s,  iVe.,  t)i<*  brw.t'h  was  o|iencHl  and  lo  rounds 
more  were  firinl  with  lo  il»fi.  {Miwd«»r,  a  04-)b.  eylindcr,  and  a 
wail.  Aft4*r  8  r«»undrt  without  eK*aning,  unKcrewing  the  plug 
ri«|uirc<]  the  fon^e  t>f  hix  iti<*tead  of  two  men.     At  the  l-lth  n>und 
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fissures  began  to  appear  at  the  joint  in  the  bottom  of  the  bore, 
but  no  escape  of  gas  was  visible.     With  a  96-lb.  cylinder  and  wad 
— charge,  10  lbs. — 7  rounds  more  were  fired,  when  the  gnn  burst. 
The  lever  worked  easily,  and  the  time  of  loading  was  reduced. 
781.  Whttwoeth. — The  screw  breech-stopper  adopted  by  Mr. 

Whitworth  in  his  early  guns,  is 
shown  by  Fig.  359.  A  cap,  re- 
volving in  a  ring  hinged  to  the 
gun,  is  screwed  over  the  end  of 
the  bore.  The  largest  gun  made 
in  this  way  was  an  80-pounder, 
which  was  disabled  after  a  short 
experimental  service.  Mr.  Whit- 
worth's  later  ordnance,  even  the 
smallest  field  artillery,  is  muzzle- 
loading. 

789.  Another  similar  form 
of  breech-screw,  employed  to  some 
extent  on  the  Continent,  is  shown 
by  Figs.  360  and  361. 

783.  Clay.— Fig.  362  shows 
the  apparatus  patented  by  lieu- 
tenant-Colonel Clay,  of  the  Mer- 
sey Steel  and  Iron  Co.,  Liverpool. 
One  side  of  the  breech  is  enlarged 
to  receive  a  screw-plug,  A^  a 
little  over  twice  the  diameter  of 
the  bore.  A  hole,  C,  in  the  plug, 
forms,  when  the  latter  is  un- 
screwed half  a  turn,  a  continua- 
tion of  the  bore,  Z>,  through  which 
the  charge  is  loaded.  By  screwing 
up  the  plug  half  a  turn,  the  solid  part  of  it  covers  the  end  of  the 
bore  and  sets  closely  against  it.  The  breech  is  thus  opened  by 
one  movement,  and  the  parts,  though  large,  are  simple ;  but  the 
obvious  defect  is  the  difliculty  of  applying  a  suitable  gas-check. 
784.  Oavalli. — This  breech-loader,  for  some  time  noted  on  the 
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Continent  ua  tlie  Ix^t,  was  invented  in  1846,  bj  Colonel  (now 
General)  Cavalli,  of  tlie  Sardinian  service.  Fig.  803  ia  a  horiron- 
tal  tiection  of  the  gun ;  Fig.  364,  a  plan  of  the  breech ;  Fig.  865, 
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a  I)ori/,ontaI  n^^lion,  and  Fig.  o»»«^,  a  rear  elevation  of  tlie  Rliding 

wihI;^^'.     Tlie   liori/ontttl  inortiM%  for  the  82-iHuin(Ier,  \a  9-4  in. 

ih'^'js  ami  .1-4  nn«l  'M  in.  wi<l#*.     The  we<lgo  IiaK  two  handles  ;  the 

charjre    \a   ])a>%KHl    through    the 

larger  one,  tlie  chain   jjrevent- 

iiig  t<H)  pvtit  a  movement.   Tlio 

wi'<lge  hli<lej*  on  tl.ree  t^U^]  pini», 

to    j»n»vfnt    cxei^nive    friction. 

In  r:i-<»  it  in  hturk  hy  ftMllilig,  it 

mav  1)0   T»rie<l  to  ouv  hidf  hv 

inserting    a    han<lr«|»ike    in    the 

niorti^*  hhown.     **Tlie  lin»e<'h- 

jiiiH'o  U  found,  nftiT  firin^r,  to  lie 

mon»  or  le-^n  movt^l  at  the  Mune  time  that  there  i«  no  dang<*r  of 

it-*  Wing  ]>ll^lM•<i  t«N>  far  or  thn»%vn  out  of  it-*  |»la4*e.^*     Seeing  that 

the  Anniitnmg  vent|»iiM*<»  and  the  Knipp  hliding  rtopjMT,  which 

are  not  wi*<]ge-«ha|M*<l,  an*  N»nutim(*H  tlirown  out  of  place,  it  is 


CUj't  bnrch  kmAtr. 


•  -AnOkruu'  MacuAl.**    Gibbon,  UU. 
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not  probable  that  this  wedge  would  remain  tight  under  high 
charges.  The  apparatus,  howeyer,  is  very  simple,  and  is  adapted 
to  the  use  of  a  cup  or  ring  gas-check. 

785.  Wahbsndobf.— This  plan, Figs.  367  and  868,wa8inTented 


Fia.  363. 
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in  1846,  by  Baron  Wahrendorf,  of  Sweden,  in  connection  with  a 
new  system  of  rifling  and  projectiles  (511).  The  breech-plug  is 
held  in  by  a  horizontal  bolt  passing  through  the  breech.  It  is 
obvious  that  these  parts  cannot  be  handled  with  great  rapidity. 


FiO.  364. 


OaTalli  breech-loMler. 


786.  Prussian.— The  early  Prussian  breech-loader  (Fig.  S69)i8 
similar  to  that  last  mentioned.  The  leakage  of  gas  is  stopped  by 
a  valve  and  a  papier-mach6  cup. 
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The  ProBsian  breech-loader  of  1861,  is  shown  by  Figs.  370  and 
371.    The  sliding-block  is  set  up  by  a  wedge  tightened  by  a  screw. 


Txoa  366  and  366. 
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CaTalli  breech-loader. 

T87.  Adams. — A  plan  of  loading  and  cooling  guns  from  the 
breech  (Fig.  372)  has  been  patented  in  the  United  States  by 
Mr.  Joseph  Adams,*  and  is  thus  described  in  his  claims :  "  I 
claim,  the  use  and  application  of  a  piston,  for  the  purpose  of 
loading,  cleaning,  and  cooling  a  cannon,  the  stem  or  end  G,  which 
passes  through  the  breech  or  rear  end  of  the  gun  and  is  attached 
to  a  head  or  metallic  piston,  the  circumference  of  which  is  equal  to 
the  bore  of  the  cannon,  and  is  made  to  fit  the  same  exactly,  and 
which  piston-head,  when  drawn  back,  rests  upon  the  main 
shoulder  or  substance  of  the  breech  at  the  point  where  the  rod 
G  connects  therewith,  and  is  of  sufficient  length  to  cover  and 
serve  as  a  yalve  to  close  the  lateral  opening  at  the  breech  end 
of  the  cannon,  through  which  water  is  admitted  to  fill  the  bore 
of  the  gun  when  said  piston  is  forced  forward  towards  the  muzzle, 
and  which  piston  plays  forward  and  backward  the  entire  length 
of  the  bore  of  the  gun,  so  as  to  protrude  sufficiently  at  the  muzzle 


•October  26th,  1869 
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when  forced  forward,  thus   carrying  out  any  sobBtance  of  the 
exhausted  cartridge    after  firing,  and  to  which  piatoD-head  or 


I 


*^ 


hnlb,  the  new  cartridge  h  attached  and  drawn  back  to  the  breech 
<»r  butt  of  the  gun  by  the  force  applied  to  said  rod,  and  in  which 
condition  the  gnn  is  loaded  and  ready  to  be  again  discharged 
^'  Second.  I  claim  the  construction  and  employment  of  a  lateral 
opening  from  the  main  chamber  or  bore  of  the  gun,  either  passing 
through  the  breech-pin  or  otherwise  at  or  near  the  rear  end 
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tbere<>f,  and  where  the  same  will  lie  cIcMcd  and  covered  by  the 
pif«t4)n -head,  when  tlic  iiaiuc  is  fuUv  drawn  back  int4>  tor  by  tneanB 
of  a  tube  or  pipe  connecting  with  a  water-ftack  or  ve^^tvel),  and  by 
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moanft  of  which  arrancrcment  water  is  adinitUnl  and  drawn  into 
tlic  pun  by  tlie  same  force  which  carried  the  piston  forwanl  to 
receive  the  cliarge  at  the  mnule,  and  is  retumcMl  to  the  vohcl 


Aduna's  ku  l.nf  ao«i  ouolitiK  (turn  the  brMch. 


n;:iiin  by  tlie  ^aine  f  •n'e  which  carrier  in  the  charge,  thu«*  wasli- 
ifnf  and  ciN»lini(  the  gnn  at  every  di«M'harsji%  without  any  otiicr 
inovcrncnt  tlian  that  n«MN»j»4arily  empioyc<l  in  the  a^'t  of  loadiri'/ 
alone.*** 

7HH,  Many  otiicr  dcvict-s  for  hnHs-li  loailinir,  9^tnu*  of  theni 
ingenious,  liave  lH?cn  the  8ubj«M't  of  exjMTinirntH  more  or  le^ 
iatii»f:u'tory  in  th<;ir  rc-»ultH.  Thu  fon^t^oini^  p:i.r»*i  are  simply 
intend<Hl  to  give  a  general  view  of  the  subj«?ft.  Only  »»«i«h  giiiu* 
and  practi<*e  have  U*en  deacrilxHl  in  detail,  as  a|i]H*ar  to  pn»miM5 

•  In  •  rrrtnl  j  »tfnl  (*«*•  Kn/f^rr.  J  Ay  ?*>.  I^Aii,  ra;'jin  lJl*k»!>  )  \*  •pii.(\<*«l  a 
moilr  </  LaiUiL,r  in  lb«  ci*Ari^  itj  a  rod  ruan^n  thro<^!<  a  h  lo  m  ti4i  ri  ar  <>f  the 

r*a 
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a  reasonable   degree  of  dnrabilitj  and  effidencj   in  iron-dad 
warfare. 

789.  The  grand  featnre  of  any  sncceeefnl  breech-loader  of 
large  caMbre^  is  the  removable  gas-check.  The  simplest  and  best 
form  of  gas-check  that  has  been  severely  tested,  is  that  of  Mr. 
Krapp.  The  French  plan  of  closing  the  bore  weakens  the  gun 
least,  bat  it  can  hardly  be  as  qnickly  handled  as  Empp's* 
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EXPERIMENTS  AGAINST  ARMOR.* 

790.  Thb  first  authenticated  experiments  with  Artillery  upon 
Iron  Armor,  were  made  by  John  Stevens,  Esq.,  at  Hoboken, 
tJ.  S.,  during  the  war  of  1812.  Mr.  Stevens  then  proposed,  for 
the  defence  of  New  York,  a  vessel  to  be  propelled  and  rotated  (to 
train  the  guns)  by  steam,  and  to  be  clad  with  inclined  iron  armor. 
From  that  time  to  the  present,  his  sons,  Robert  L.  Stevens,  Esq., 
projector  of  the  Stevens  Battery,  and  Edwin  A.  Stevens,  Esq.,  have 
conducted  a  great  number  of  experiments  upon  various  kinds  of 
armor,  and  have  anticipated  many  of  the  results  of  modem  naval 
construction  and  warfare. 

791.  Iron  armor  for  the  protection  of  batteries  was  recom- 
mended by  Colonel  Paixhans,  in  1821. 

799.  ^^  In  1827,  tne  first  recorded  experiment  that  I  have  as 
yet  found,"  says  Captain  Inglis,  R.  E.,t  "  took  place  at  Woolwich, 
when  Major-General  Ford,  R.  E.,  proposed  to  ascertain  the  resist- 
ance to  cannon-shot  of  a  piece  of  masonry  covered  with  iron.  This 
iron-cased  wall,  5  feet  high  and  7  feet  thick,  was  built  of  Aberdeen 
granite  blocks,  cased  with  two  layers  of  iron  bars,  the  under  layer 
being  horizontal,  of  1 J  in.  square,  and  the  other  vertical,  1^  in. 
sqnare,  each  layer  being  strongly  cramped  into  the  granite.  This 
wall  was  fired  at  with  round-shot  from  three  24-pounder8,  at  634 
yards  distance,  when  the  effect  of  twenty  round  shot  was,  that 
nineteen  of  the  front  layer  and  five  of  the  inner  layer  were 


^  This  aocount  of  experimentB  againat  annor,  is  compiled  from  the  official  records, 
f  <*The  Application  of  Iron  to  Defensive  Works.'*    B.  E.  Papers,  1862. 
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broken,  four  being  entirely  broken  off  and  the  Btone  under  them 
completely  pulverized.* 

793.  ^'In  1835,  extensiye  experiments  were  oondncted  at 
Mentz,  on  plates  of  forged  and  rolled  iron."t 

794.  gtevena'ft  ExperineaU.— In  a  letter  dated  Angost  13, 
184rl,  written  by  the  Messrs.  Stevens,  of  Hoboken,  to  a  Gt)vem- 
ment  committee  on  coast  and  harbor  defences,  a  series  of  experi- 
ments is  mentioned,  and  the  following  conclusions  are  given: — 
^*  Tlie  thickness  (of  iron)  necessary  to  resist  balls  of  the  largest 
size  would  require  to  be  determined  by  experiments.  This  could 
be  easily  and  quickly  done,  but  we  suppose  a  thickness  of  one-half 
or  two-thirds  the  diameter  of  the  ball  (set  at  an  angle  of  45^) 
would  be  sufficient  to  resist  or  glance  it  off.  If  so,  it  would 
require  only  4J  or  6  inches  to  resist  a  9-in.  shell."  Experi- 
ments are  then  mentioned,  and  the  letter  continues: — ^*'From 
the  above  experiments  it  would  appear  that  it  takes  wood  16 
times  the  tliickness  of  iron  to  offer  the  same  resistance  to  a 
ball  fired  with  a  full  charge.  Four  inches  of  wrought  iron,  there- 
fore, would  be  equal  to  5  feet  4  inches  of  oak,  which  we  suppose 
sufficient  to  stop  the  horizontal  ball  at  point-blank  distance.''^ 

On  this  letter  was  based  the  contract  for  the  construction  of  the 
Stevens  Battery^  an  iron  vessel,  which  has  been  lying  in  dry  dock, 
nearly  completed,  for  nine  years,  and  which  embodies  a  greater 
part  of  the  best  features  of  modem  construction. 

795.  Thin  Plates  at  Woolwleh. — The  next  recorded  ^cperi- 
ments  (from  1846  to  1856)  are  mentioned  by  Captain  Inglis, 


*  Captain  Dyer,  R.  A.  (Remarks  on  Iron  Defences,  R.  A.  Inst)  sajs  of  this  experi- 
ment that  '*  after  20  rounds  had  struck,  19  of  the  front  bars  and  5  of  the  horizoiital 
courne  were  broken  and  4  bars  were  detached.  The  result  of  this  experiment  was 
considered  so  unsatisfactory  tliat  all  idea  of  using  iron  as  a  means  of  defence  was  for 
the  time  abandoned;  it  was  again  revived  about  the  year  1850,  by  Lord  Ross  and 
others,  but  apparently  the  time  had  not  yet  arrived  for  these  sweeping  changes  in  old- 
established  notions,  and  it  was  reserved  for  the  Emperor  Napdeon  IIL  to  brii^  the 
question  to  a  practical  issue.** 
f  **  Armor-Plates.**  Thos.  W.  Rumble,  C.  B.  Society  of  Engineers,  Oct,  1S61, 
X  In  the  same  letter  (August  13,  1841X  the  Messrs.  Stevens  propose  the  submerged 
screw  propeller,  a  small  battery  of  the  largest  guns,  wrought-iron  breech-loading  guns, 
rifled,  and  lead  or  pewter-coated  shot. 
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R.  E.*  The  first  were  carried  on  ^^  under  the  direction  of  Colonel 
Colqnhoiin  and  Colonel  Sandham,  upon  thin  wronght-iron  plates 
placed  obliqoelj  to  the  line  of  fire,  at  angles  varying  from  10°  to 
30°.  The  plates  were  {  of  an  inch  thick,  and  placed,  in  the  first 
instance,  against  a  ship  gon-carriage,  loaded  with  pig-iron ;  after- 
wards attached  to  granite ;  and  lastly,  to  a  mass  of  oak.  They 
were  fired  at  by  an  8-in.  iron  gun,  throwing  a  66-pounder  hollow 
shot,  and  afterwards  by  a  d2-pounder  of  56  cwt.,  at  100  yards. 
The  principal  thing  to  observe  in  this  experiment  is,  that  the  shot 
were  almost  always  broken  on  striking  the  plate,  and  a  quantity 
of  q>linters  deflected,  and  that  a  32-pounder  shot,  striking  at  an 
angle  of  80°,  where  a  former  shot  had  been,  passed  through  the 
plate  and  all  the  4  feet  of  oak.  Another  32-pounder  shot,  fired 
^with  a  higher  chai^,  broke  up,  and  some  pieces  penetrated  3  feet 
into  the  oak  backing ;  otherwise  not  much  is  to  be  learned  from 
this  experiment. 

796.  ^^  In  1850,  the  Navy  made  an  experiment  at  Portsmouth, 
to  try  the  effect  of  shot  on  f -in.  plates  of  iron,  placed  35  feet  apart, 
with  ribs  representing  a  section  of  the  Simoom.  This  was  fired  at 
with  32-pounders  and  8-in.  hollow  and  solid  shot,  and  10-in.  hol- 
low shot,  and,  of  course,  offered  little  resistance.  Both  shot  and 
shell  split  and  broke  up  into  innumerable  splinters,  which  caused 
great  havoc.  This  experiment  was  continued  with  32-pounders, 
68-pounders,  8-in.  and  10-in.  hollow  shot,  the  same  year ;  the  f-in. 
iron  being  backed  between  the  ribs  with  oak  and  fir  planking  of 
different  thicknesses,  with  ribs  on  the  inside  similar  to  the  Simoom  ; 
the  iron,  woed,  ribs,  and  all,  were  of  course  easily  torn  away,  and 
the  effect  of  splinters,  of  both  shot  and  iron,  were  very  destructive. 

7*  7.  4i*Iiicli  Plates. — "  This  was  followed  by  experiments, 
also  by  the  Navy,  at  Portsmouth,  in  1854.  Here  there  was  a  target 
composed  of  4^in.  best  scrap  wrought-iron  plates  backed  with  4 
inches  of  fir  planking,  the  whole  bolted  by  heavy  iron  screw-bolts 
to  a  strong  timber  frame-work,  well  braced  and  strutted.  Ten 
32-pounder  shot  from  a  58-cwt.  gun,  charge  10  lbs.,  at  860  yards,, 

*  "The  Applicaiion  of  Iron  to  Defensive  Works.''    B.  B.  Papers,  1862. 
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strack  the  plates ;  a  single  shot  indented  S  inches ;  two  in  nearly 
the  same  spot,  indented  2^  inches,  and  slightly  cracked  a  plate ; 
foor  shot  cracked  a  plate  in  four  places,  and  bulged  it  Z^  inches ; 
all  the  shot  broke  up.  Two  68-poander  shot,  charge  16  Ibe.,  at 
1250  yards,  indented  abont  1^  inches,  and  cracked  the  plate,  and 
were  supposed  to  break  np.  Ten  from  same  gon,  chaige  13  lb&« 
at  400  yards,  struck  the  plates — ^indentation  caused  by  one  shot, 
2i  inches ;  each  shot  more  or  less  cracked  the  plates,  and  several 
near  the  same  spot  injured  them  very  much.  Subsequently, 
68-pounder  shot,  charge  16  lbs.,  at  400  yards,  neariy  destroyed 
the  target  and  backing. 

798.  ^'  Abont  the  same  time,  plates  of  ^,  |,  and  i-in.  thick- 
nesses were  fired  at,  and  it  was  found  that  solid  and  hollow  shot 
would  pass  through  i  and  f-in.  iron,  without  breaking;  Uiat 
hollow  shot  break  up  in  passing  through  |-in.  iron,  and  that 
both  solid  and  hollow  break  up  in  passing  through  f  th  iron/' 

799.  Oea.TotteB*s  ExperineBta.— ''  From  1853  to  1855  Gen- 
eral Totten,  of  the  United  States  Army,  carried  on  some  interest- 
ing experiments  in  some  degree  involving  the  question  of  iron 
defences.  In  his  first  target,  containing  six  embrasures,  a  variety 
of  materials  was  tried,  namely,  granite,  hydraulic  cement  con- 
crete, asphaltio  concrete,  and  lead  concrete,  and  brickwork.  In 
one  of  these  embrasures  the  throat  was  composed  of  wrought-iron, 
8  in.  thick,  made  up  of  sixteen  ^-in.  thicknesses,  set  partly  in 
cement  concrete  and  partly  in  brickwork.  In  one  lead  and 
cement  concrete  was  notched,  and  protected  by  wronght-iron 
plates  2  in.  thick  and  6  in.  wide.  And  in  one  these  two 
plans  were  combined  with  asphaltic  cement.  His  second  target 
contained  three  embrasures.  One  had  its  throat  or  jambs  com- 
posed of  wrought  iron,  4  in.  thick,  10  in.  wide,  made  up 
of  ei<]c^it  thicknesses  of  boiler-plates  riveted  (rivets  count^Bonk 
and  flush)  together,  backed  by  a  small  mass  of  tough  cast  iron. 
This  embrasure  was  built  of  granite,  and  had  shutters  in  two 
leaves  of  three  thicknesses  of  |4n.  boiler  plate.  I  believe 
there  was  thin  sheet  lead  between  the  wrought  and  cast  iron. 
Another  embrasure  in  the  second  target  was  of  similar  oonstmc- 
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tion  to  the  last,  only  in  brickwork  instead  of  granite ;  there  were 
no  shutters,  but  a  projecting  portion  of  brickwork  was  protected 
by  |-in.  wrought  plate.  The  last  embrasure  was  of  similar 
form  to  the  other  two,  but  of  cement  concrete ;  it  had  the  8-in. 
wrought-iron  throat  used  in  the  former  target,  and  a  projection 
covered  by  ^in.  plate.  The  general  result  of  the  experiments 
was,  so  far  as  iron  is  concerned,  that  grape-shot  passed  through, 
or  entirelj  carried  away  |-in.  boiler-plate,  but  that  canister 
shot  produced  no  injurious  effects ;  that  shutters,  H  in.  thick, 
of  boiler-plate  stopped  grape-shot,  but  were  bent  by  it,  and  were 
quite  disabled  by  heavier  shot;  that  the  2-in.  offset  plates  of 
wrought  iron  did  not  stand  against  a  42-pounder ;  that  throat- 
plates  of  4  in.  wrought  iron,  in  j^in.  thicknesses,  backed  by 
cast  iron,  being  struck  two  or  three  times  by  a  68-pounder  solid 
shot,  were  carried  away,  the  cast-iron  backing  being  cracked  and' 
broken ;  and  that  8-in.  wrought'  gorge  plates,  in  sixteen  thick- 
nesses, were  bent  and  finally  torn  from  their  fastenings  by  42-lb. 
solid  shot,  and  even  were  considerably  injured  when  struck  seve- 
ral times  by  a  24-pounder  at  95  yards.  The  great  advantage  of 
a  single  mass  of  wrought  iron  over  one  composed  of  several  thin- 
ner plates  was  noticed ;  that  the  brittleness  of  cast  iron  unfits  it 
for  use  as  a  means  of  directly  resisting  heavy  shot ;  and  that  a 
cast-iron  block,  protected  by  a  4-in.  compound  plate,  was  always 
broken  up,  splintered,  and  badly  cracked.  It  is  almost  unneces- 
sary here  to  notice  the  performance  of  the  other  materials ;  but  it 
is  interesting  to  remember  that,  next  to  wrought  iron,  lead  con- 
crete proved  the  best  material.  It  is  of  course  less  resisting  and 
more  costly  than  wrought  iron,  but  it  will  not  crack  and  splinter. 
Heavy  shot  at  high  velocities  mould  for  themselves  a  symmetrical 
bed  in  which  they  are  found  crushed ;  in  fact,  the  effect  is  quite 
local,  and  even  shells  exploding  in  it  produced  no  cracks." 

800.  Floating  Batteries. — In  1855  floating  batteries,  covered 
with  44-in.  plates,  3  fk.  long  x  20  in.  wide,  oecured  to  the  wooden 
hull  by  If-in.  screw-bolts,  received  the  fire  of  the  Russian  batte- 
ries at  Kinbum.  The  following  particulars  are  from  Commander 
Dahlgren's  account  of  the  action :— "  The  French  floating  batte- 
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lies  Devastation^  Lave  and  TonrumU  steamed  in  to  make  their 
first  essaj,  anchoring  some  600  or  700  yards  off  the  S.  E.  bastioo 
of  Fort  Kanbum.  *  ♦  *  The  Russians  could  only  reply  with 
81  cannon  and  mortars,  and  no  guns  of  heavier  calibre  thmn  82- 
pounders,  while  many  were  lower.  *  *  *  This  was  the  sole  ooc** 
sion  in  which  the  floating  batteries  had  an  opportunity  of  proving 
their  endurance.  *  ♦  *  They  were  hulled  repeatedly  by  shot ; 
one  of  them  (the  Devastation),  it  is  said,  67  times,  withoat  any 
other  effect  on  the  stout  iron  plates  than  to  dent  them,  at  tlie 
most,  1|  in. — still  there  were  10  men  killed  and  woanded  in  this 
battery  by  shot  and  shell  which  entered  the  ports." 

801.  In  March,  1856,'  the  Messrs.  Stevens  made  the  following 
experiment  at  Hoboken.  The  tai^get  (vertical),  8  ft.  3  in.  x  4  fL 
4  in.  face  was  composed  of  four  1-in.  plates,  two  ^in.  plates,  one 
f-in.  plate,  and  lastly  two  f-in.  plates,  in  all  6f  inches  of  wronght 
iron.  The  bolts,  48  in  nnmber,  were  in  8  vertical  and  6  hoiiaon- 
tal  rows.  The  target  was  set  np  against,  but  not  fastened  to,  a 
mass  of  pine  timber.  A  125-lb.  (10-in.)  ball  with  10  lbs.  of 
powder,  range  24  feet,  cracked  the  three  first  plates  around  the  bolt 
holes,  a  disk  being  nearly  broken  ont  of  the  outer  one.  No  other 
plates  were  cracked.    The  back  was  indented  abont  three  inckea. 

809.  ''In  the  middle  of  1856/ Sir  John  Burgoyne  eolleeted 
what  little  had  been  done  in  the  matter  of  applying  iron  to  para- 
pets of  batteries,  both  floating  and  on  shore,  and  moved  the 
Government  to  consider  the  important  question  of  giving  better 
cover  to  guns,  and  by  the  use  of  iron  to  reduce  the  external  open- 
ings of  embrasures.  Several  high  authorities  were  consulted,  and 
some  good  opinions  given.  From  what  had  then  been  done,  it 
appeared  that  4|-in.  wrought  iron  on  a  ship's  side  was  penetrated 
to  a  depth  of  2}  in.,  by  a  68-lb.  shot,  at  400  yards;  that  ^ 
in.  of  wronght  iron  completely  protected  a  ship's  side  agminat 
68-pounder8,  at  1200  yards ;  that  they  gave  considerable  protee- 
tion  against  the  same  gun,  at  600  yards,  and  but  little,  at  40i) 
yards ;  that  they  gave  considerable  protection  against  38-ponnd- 

*  Csptein  Infix's  Moount  ooDtinoad. 
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er^  solid,  and  8-in.  56-lb.  hollow  shot,  at  400  yards;  a  32- 
ponnder  shot  penetrated  only  1^  or  If  in.,  and  the  hollow 
shot  only  one  in. ;  bat  three  or  four  shot  of  the  same  kind  striking 
near  together  will  break  up  the  plates. 

^*  From  some  experiments  in  France,  iron  plates,  3*94  in.  in 
thickness,  were  fonnd  to  resist  about  fourteen  shots  per  square 
metre  (lOf  square  feet,  English)  from  a  French  30-pounder  (Eng- 
lish 32*4  lbs.),  at  300  metres  distance ;  and  S^-in.  plates  gave  a 
resistance  of  eighteen  shots  per  square  metre." 

84IS.  Catf-lroB  Blocks.* — ^^Many  suggestions  were  made,  and 
amongst  them,  that  cast-iron  blocks  should  be  tried ;  and  in  con- 
sequence, in  1857,  experiments  were  carried  on  at  Woolwich 
against  large  8-ton  cast-irou  blocks,  8  feet  by  2  feet,  2^  feet  thick, 
tongued  and  grooved  together,  and  partially  backed  by  heavy 
blocks  of  granite.  They  were  first  fired  at  with  a  68-pounder, 
95*cwt.  gnn,  at  400  yards,  charge  16  lbs.,  solid  cast-iron  shot ; 
these  shot  made  indentations  of  from  1*3  in.  to  1-6  in.,  and 
cracked,  displaced,  and  broke  up  the  blocks  very  much.  Some 
wrdnght-iron  shot  (the  same  gun)  indented  from  1*6  in.  to  1*9 
in.,  and  broke  off  large  fragments  and  scattered  the  iron  in 
pieces  of  from  10  lbs.  to  80  lbs.  Subsequently  a  cast-iron  block, 
6  ft.  X  4  fi.  and  2  ft.  thick,  weighing  9  tons  13  cwt.,  was  fired  at 
with  the  same  gun,  at  same  range,  with  wrought  and  cast  shot, 
by  which  it  was  cracked  all   through.     Cast-iron  shot  broke 

*  A  oorrespondent  of  the  London  Engineer  gives  the  following  aooount  of  ex- 
perimente  against  cast  iron  in  Rueeia,  1863: 

*' Another  interesting  experiment  was  tried  with  cast-iron  armor-plates,  proposed 
for  forts,  in  blocks  i  ft.  thick,  2  ft.  high.  This  block  was  fired  at  with  round-shot 
from  68-pounder8,  at  700  ft.  distance.  The  first  shot  took  off  a  mass  of  100  lbs.  weight 
ftt>m  the  lower  corner;  the  second  shot  struck  low,  and  only  carried  away  a  few 
pounds;  the  third  shot  struck  fair,  and  cracked  the  plate  every  way;  the  fourth  and 
fifth  shots  hit  fair,  and  shivered  the  whole  mass. 

**The  reason  for  tryiog  cast  iron  was  simply  tliis — ^it  can  be  produced  in  Russia. 
At  present  armor-plates  come  from  abroad.  General  Todtleben,  who  was  present, 
Buggested  trying  combined  cast  and  wrought  iron — around  the  embrasure  wrought 
iron,  and  between  them  filled  up  with  cast  iron;  and  targets  are  now  being  constructed 
of  this  description  for  the  purpose  of  testing  the  principle. 

*  The  result  on  cast  iron  alone— where,  as  in  this  experiment^  the  block  was  4  ft 
thick — ^waa,  that  a  few  round  shots,  at  point-blank  distance,  destroyed  the  mass." 
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up ;  wroQght-iron  shot  recoiled  considerably,  and  were  much 
flattened." 

804.  4-Iiicli  Iron.— Meel.*—'^  After  this,  in  1S56,  wrought 
plates,  furnished  by  different    makers,  4   in.  thick,  backed  bj 

2  feet  of  woodwork,  were  fired  at  by  68-pounderB,  at  Woolwich. 
The  cast-iron  shot,  at  600  yards,  indented  from  1  in.  to  2*3  and  3 
in.,  and  cracked  and  bent  the  plates;  wronght-iron  shot,  at 
600  yards,  indented  from  2*2  to  2*8  in.,  and  carried  away 
pieces;  cast-iron  shot,  at  400  yards,  indented  2-2  in.,  and 
cracked  the  plates,  drove  in  bolts,  and  shattered  bulkhead; 
wrought-iron  shot,  at  4C'0  yards,  indented  3  in.,  and  went  right 
through  a  plate  without  cracking  it.  This  large  bulkhead,  weigh- 
ing more  than  30  tons,  was  driven  back  by  the  blows  it  reoeired, 

3  or  4  feet 

8IKI.  ^' After  this,  in  1857,  more  wrought  phites  by  different 
makers,  4  in.  thick,  and  steel  2  in.  thick,  secured  by  bolts 
to  2  feet  of  oak,  were  fired  at  with  68-pounder8,  at  600  and  400 
yards  at  Woolwich,  the  general  result  of  which  was  that  wrought- 
iron  shot  at  600  yards  passed  through,  and  cast-iron  shot  at  6(K) 
yards  were  resisted,  but  they  crushed  the  iron,  and  by  a  repetition 
of  blows  would  ultimately  destroy  the  plates.  At  400  yards,  the 
plates  were  quite  broken  up  by  both  cast  and  wrought  shot.  Mr. 
Begbie^s  2-in.  steel  did  not  stand." 

806.  FIrinv  ThroH0h  Water.— In  December,  1857,  Mr. 
Whitworth's  24-i)ounder  howitzer, — 4  and  4J  in.  bore ;  twist,  1  turn 
in  40  inches ;  charge,  2^  lbs. ;  shell,  fiat  headed,  of  24  lbs.  weight, 
— was  fired  through  water  at  various  angles,  at  a  4-in.  (8-in.  after 
the  3d  round)  oak  butt.     The  gun  was  15  feet  above  a  horizontal 

*  A  ooirespondenl  of  the  London  BngimMT  thus  mentions  late  ftntwien  experimentt 
against  steel  aimer. 

"The  plates  of  Petin,  Gaadet,  and  Co.,  the  Thames  GomtMnj-,  J<dm  Brown  and  Oou 
the  Paricgate  Company,  have  all  been  tried,  with  results  similar  to  those  obtained  in 
Enirland.  One  hammered  steel  armor-plate,  4^  in.  tliick,  was  fired  at  by  the  ordinaij 
68-Ib.  nayal  gfun,  and  the  plate  was  hit  in  three  places,  on  a  line  about  the  oentie  of 
the  width,  and  at  pretty  equal  distance.  The  penetration  was  not  quite  so  deep  as  in 
the  iron;  but,  on  removing:  the  plate  fh>m  the  target,  it  was  found  that  the  bade  of 
the  plate,  behind  where  the  shots  struck,  wss  broken  into  fragments,  and  the  plate 
was  cracked  its  whole  length." 
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plane  passing  throngh  the  foot  of  the  butt.  The  resalts  are  given 
in  Table  113,  and  are  thns  summed  up  in  the  report  of  the  Select 
Committee  on  Ordnance,  1863 :  ^^  Firing  with  5^^  depression  it 
penetrated  through  13  feet  of  water  and  then  13  in.  of  oak  ;  but 
after  penetrating  20  feet  of  water,  the  velocity  became  so  much 
reduced  that  when  it  struck  the  target  it  only  grazed.  Distance 
of  target,  100  feet."  At  the  same  time,  and  in  March,  1858,  simi- 
lar experiments  were  continued  with  the  Whitworth  24-poander 
howitzer.     The  results  are  given  in  Tables  114  and  115. 


TABLB  GXrV.— PffiTRBATIOK   OF  WATBB  AlTD  WOOD. 

RiFLKD  HownziB. 


WmnroBTH  Si-Pommm 


(Drom  Ote  Launch  at  the  ''SerpetW'  Brig,  Jkc,  92,  1867.) 


j^ 

E 

, 

^ 

. 

|l 

1 

1 

1 

\  1 

"%  e^ 

it 

1 

1 

1 

•       / 

ft  in. 

It  In. 

ft. 

In. 

7     o 

4     0 

1     a 

ai 

7 

7     o 

4     0 

1    0 

ai 

7 

aa 

7  30 

4     0 

3    4 

ai 

7 

7  30 

4    0 

5    ^ 

ai 

... 

aa 

7  30 

4    0 

3     6 

11 

4 

7  30 

4    0 

4    0 

ai 

3 

aa 

4  in.  fir  and  3  in.  oak,  ani 

timber. 
4  in.  fir  and  3  in.  oak. 


4  in.  fir  and  3  in.  oak.     DroyptJ  ia 

hoM. 
Graced  anfular  side  I  in.  dcepu 

Penetrated  to  rib   and  dropped  m 

the  mod. 
Penetrated  to  rib.    Side  very  asfnlar. 


807.  Comparison    of  68-Poanden  and   SS-1 

"In  1858,*  the  effect  of  68-pounders  and  82-pounders,  at  100 
jards,  against  iron  plates,  was  compared  at  Portsmouth,  when 
one  68-lb.  shot  was  found  to  do  as  much  damage  to  a  plate 
and  more  to  the  woodwork  frame  of  a  ship  than  5  33-ponnden 
striking  close  together,  and  at  20  yards  some  4-in.  wronght 
plates  on  a  ship's  side  were  not  penetrated  by  a  68-pounder  east- 
shot  with  full  service  charge ;  but  a  wrought  shot,  of  73  lbs.  from 
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same  gun,  did  just  penetrate  them.  Also,  it  was  found,  that  hollow 
shot,  red-hot  shot,  and  shell,  made  little  impression  on  4-in. 
plates  at  either  200  or  400  yards ;  that,  at  200  yards,  the  effects 
were  much  increased.  J^t  100  yards  2  or  3  hollow  shot,  red-hot 
shot,  and  shell,  striking  at  same  spot,  would  penetrate  a  4-in. 
plate,  but  a  single  82-pounder  cast  shot  at  that  range  would  sink 
deep  into  a  4-in.  plate,  but  not  get  through.  At  20  yards,  cast 
shot  did  very  little  more  damage  than  at  100  yards.  It  was  also 
important  to  observe  that  if  a  shot  does  get  through  iron  it  does 
far  more  damage  than  if  it  had  only  gone  through  timber. 

808.  \¥hlCworCli  68-Pooiider  4-Iiieli  Plaleik— ''In  the 
autumn  of  1858,  a  Whitworth  68-pounder  fired  solid  cast  and 
wrought  shot  against  4-in.  wrought  plates  on  ship's  side  at  Ports- 
mouth, at  ranges  from  350  and  450  yards.  A  citet  shot,  at  35<) 
yards,  dented  a  plate  |  in.,  bulged  it  If  in.,  cracked  it,  and 
started  12  bolts,  and  at  400  yards  much  the  stfme.  A  wrooght 
shot  at  450  yards  went  right  through  4-in.  plate  and  7-in.  of  oak 
in  ship^s  side.  After  this  the  gtln  burst.^'  The  details  of  this  ex- 
periment are  given  in  Table  116. 

809.  4-Incli  Plates;  66and3d.Pouden.-—'' In  November, 
1858,*  the  Erelms  and  Meteor  floating  batteries  were  fired  al 
at  Portsmouth.  The  former  ship's  side  had  a  |  inside  skin  on  iron 
ribs,  outside  this  5  or  6-in.  oak  plank,  and  4-in.  wrought  plates 
outside  all.  The  Meteor^a  side  was  made  up  of  an  inner  planking 
of  oak  from  4  to  9  in.  thick,  then  10-in.  oak  timbers  4  in.  apart, 
then  6-in.  outside  oak  planking  with  wrought  4-in.  plates  outside 
all.  32  and  68-ponnders  at  400  yards  did  no  serious  damage  in- 
board 4o  the  Meteor^  but  68-pounders  penetrated  the  J^rebwtj  and 
did  as  much  damage  as  a  volley  of  grape^hot.  The  Meteor  also 
resisted  a  wrought  68  shot  at  400  yards,  and  sustained  only  trifling 
injury  in-board  at  300  yards.  A  6d-pounder  shell,  with  weight 
of  8and=to  bursting  charge,  indented  a  plate  f  in.,  but  did  n\A 
crack  it. 

810.  S-Inch   Plate;    68-Poaiiden,— "  In     1858,    a    laiige 

*  Captain  IngUt^s  aooount  oontinued. 
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Tabus  CXVL— Whitwobth  68-PonBDKB  aoadtst  4-Inoh  Platbs.     H.  M.  S. 
"  EzoxLLBNT,"  Oct.  8,  1868. 

GvM. — 68-Ponnder  Block  $  Diameter  of  Bore,  5  in.  and  5^  in. }  Rifling,  I  turn  in  100 

'    inches. 
Pbojbctilxs. — Weighty  68  Ibc. ;  Cast  Iron,  is •7  in.  long;  Wrought  Iron,  xi*7  in.  long. 

Some  of  these  were  hardened. 
Takget. — Plates  13ft.  long  x  i  ft.  9  in.  high  x  4  in.  thick ;  Target,  13  x  xo  ft.»  £utened 
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wrought  plate  6  ft.  x  6  ft.  and  8  in.  thick,  weighing  5  tons,  lean- 
ing back  about  10°,  and  supported  by  large  fragments  of  cast  iron 
used  in  gome  former  experiments,  these  again  backed  with  heavy- 
blocks  of  granite,  were  fired  at  with  68-pounders,  solid,  cast,  and 
wrought  shot,  at  Woolwich,  at  600  and  400  yards, — charge,  16  lbs. 
At  600  yards,  a  cast  shot  indented  1-25  in.,  cracked  the  plate 
slightly  on  its  face,  bulged  it  in  with  a  wide  crack  behind,  which 
was  afterwards  increased.  At  400  yards,  a  cast  shot  indented  1*4 
in.,  and   extended    the  cracks    very  much.      At  600  yards,  a 
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wrought  shot  broke  off  large  fragments,  and  in  fact  quite  broke 
it  ap.  The  report  adds  that  when  this  plate  began  to  break  np 
its  destruction  was  as  rapid  as  that  of  the  cast  blocks  in  1857. 

811.  14-lBcli  TbomeyeroU  Shield.— ''In  1859,  Messrs. 
Thomeycroft,  of  Wolverhampton,  proposed  to  Captain  Wrottesley 
the  use  of  rolled  iron  tongued  and  grooved  bars  in  horizontal  lay- 
ers, as  an  inexpensive  method  of  applying  iron  to  resist  heavy  shot. 
The  great  advantage  offered  was  that  of  producing  a  mass,  of 
wrought  iron  at  about  £15  per  ton,  whereas  in  other  forms  it 
had  not  been  previously  put  together  under  thrice  that  cost. 
Sir  John  Burgoyne  strongly  advocated  the  principle,  and  a 
shield  measuring  10  ft.  x  4  ft.  6  in.  high  and  14  in.  thick, 
with  an  embrasure  opening  in  it,  was  tried  at  Portsmouth.  On 
the  first  day's  trial  seven  68-pounders  shot  at  400  yards  range, 
striking  fairly,  made  a  very  trifling  impression,  except  in  those 
parts  where  large  vertical  bolts  passing  through  the  heart  of  the 
bars  had  weakened  them.  This  iron  mantelet  showed  such 
powers  of  resistance  on  this « occasion,  that  subsequently  it  under- 
went further  trial  with  a  68-pounder  at  400  yards ;  6  cast-iron 
shot  struck  the  tai^t,  were  of  course  broken  up,  but  indented  1 
in.  and  cracked  it  slightly ;  one  of  these  shot  on  an  old  shot  mark, 
carried  away  a  piece  of  the  target.  8  wrought-irou  shot  struck 
it,  1  chipped  off  a  piece,  2  carried  away  parts  of  the  top  sill  of 
port,  5  indented  and  cracked  slightly.  Greatest  depth  of  indent, 
2  inches.  Altogether,  except  for  an  error  in  construction,  the 
result  was  considered  very  favorable  to  rolled-iron  bars  in  layers, 
and  further  trials  hereafter  described  were  soon  determined 
upon. 

813.  Special  CoBiBilttee;  li^Incta,  d-Ineli,  9f*Inch,  a-Ineb 
Plates. — ^'During  1859,  a  Special  Committee  carried  on  a  series 
of  experiments*  on  iron  plates  of  various  thickness  of  which  the 


*  Ottptain  Dyer,  R.  A.,  says  as  to  the  experiments  made  hj  this  Committee  ("  Be* 
marks  on  Iron  Defences,"  B.  A.  Inst.^  that  '^the  result,  arrived  at,  was,  that  a  good 
wrought-iron  plate  4|  in.  in  thickness,  hacked  with  18  in.  of  teak,  is  considered 
for  all  practical  purposes  proof  against  any  ordnance  not  exceeding  the  68-pound6r  or 
100-pounder  Armstrong,  at  a  range  of  400  yards. 
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following  IB  an  outline :  ^'  Thej  commenced  npon  plates  respec- 
tively liy  2,  2^,  3  in.  in  thickness,  bolted  to  a  timber  target 
representing  the  side  of  a  50-gnn  frigate,  of  oak  from  18  in. 
to  24  in.  thick.  A  shell  weighing  78  lbs.  when  filled  with  sand, — 
chai^,  10  lbs., — ^thickened  at  the  head,  fired  from  one  of  Sir  W. 
Armstrong's  gans  at  400  yards,  passed  readily  through  the  1^  and 
2-in.  plates,  and  of  4  shells  fired  against  3-in.  plates,  2  were 
resisted,  althongh  they  injured  the  plate  and  timber  a  good  deal, 
and  2  passed  through  the  plates,  but  not  through  the  timber. 
An  8-in.  shell  (68-pounder)  16  lbs.  charge,  made  a  circular  crack 
in  a  2^  plate,  but  did  not  drive  any  of  the  plate  into  the  timber. 
All  these  shells  were  of  course  broken.  Puddled  steel  and  cast- 
iron  solid  shot  from  Sir  W.  Armstrong's  80-pounder  (11  lbs.  charge) 
passed  through  the  2i  and  3-in.  plates  and  timber,  the  steel 
entire,  the  cast  iron  in  fragments,  doing  much  damage  by 
splinters. 

813.  "TrastT,»»  4-Ineli  Plates.— "The  *  Trusty'  was  next 
fired  at ;  her  side  consisted  of  wrought  4-in.  plates  on  2  feet  1 
in.  solid  oak.  At  400  yards,  72  lbs.  cast  flat-headed  shot  from 
Sir  W.  Armstrong's  80-pounder  gun,  broke  the  plates  but  did  not 
pierce ;  shot  broke  up  of  course.  The  puddled  steel  shot  broke 
in  a  large  portion  of  a  plate.  A  homogeneous  iron  fairly  pene- 
trated both  plate  and  timber.  At  200  yards  the  cast-iron  conical- 
headed  shot  100  lbs.  did  a  good  deal  of  injury  but  did  not  pene- 


u  During  these  experiments  it  was  found  that  althougb,  except  in  rare  cases,  ships 
of  this  construction  were  impenetrable,  still,  that  penetration  was  at  last  obtained 
coupled  with  most  terrible  destruction  if  struck  sereral  times  with  heavy  projectiles 
near  the  same  spot  The  shot  on  impact  is  broken  in  pieces,  and  carried  through 
with  the  fragments  of  the  iron  and  wood;  the  plate  in  this  case  not  only  not  atfording 
any  protection,  but  materially  increasing  the  destructiye  effect  of  the  shot;  on  one 
occasion  the  number  of  pieces  produced  by  a  single  shot  were  carefuUy  collected,  and 
it  was  found  that  there  were  over  700  pieces  of  wood  and  iron  each  of  sufficient  size 
to  be  formidable.  The  possibility  of  such  destructive  and  alarming  effects  have  led 
many  to  question  the  advantages  of  iron  defences ;  but  I  think  few  except  those 
whose  sympathies  are  wedded  to  the  romantic  notion  of  '  the  wooden  walls  of  Eng- 
land,' would  hesitate  to  prefer  defence  capable  of  resisting  all  missiles  under  ordinary 
cixeumstanoes,-Hlefective  only  in  the  improbable  event  of  several  shot  striking  the 
same  spot,  to  being  exposed  to  the  fire  of  Armstrong  100-pounder  shell  with  Si  lbs. 
of  power,  or  Martin's  liquid  iron  sheD." 
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trate.  A  homogeneous  iron  78-lb.  shot  punched  a  hole  through 
plate  and  penetrated  10  in.  into  the  timber,  and  a  homogeneous 
shot  of  100  lbs.  at  a  lower  velocity,  did  not  punch  a  hole,  but 
made  a  large  fracture ;  oblique  shots  at  an  angle  of  50°  to  the 


Pro.  373. 


The  floating  battery  Ihuty. 

side  of  the  vessel,  caused  less  injury  than  direct  shots.  The 
bolts  holding  the  Trusty's  plates  rarely  yielded  except  when 
directly  hit. 

814,  4i-InGli  Plates. — After  this  the  same  Committee  fired 
at  some  4^  rolled  plates  from  Messrs.  Palmer's  and  some  2-in. 
plates  from  the  Mersey  Company,  bolted  to  a  section  of  a  50-gun 
frigate,  with  homogenous  iron  bolts  double  nutted.  The  2-in. 
plates  could  not  resist  Sir  W.  Armstrong's  80-pounder  shell  at 
400 ;  the  shell  broke  up,  but  always  passed  through  the  plate.  A 
68-poiinder  shell  at  same  range,  16  lbs.  charge,  broke  the  2-in. 
plate,  but  did  not  penetrate  deep  into  timber.     The  4rj^  plates  had 
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a  hole  punched  in  them  by  a  homogeneous  flat-headed  shot,  and 
the  plate  was  forced  3  in.  into  timber,  and  several  shot  striking 
together,  some  of  the  plate  was  driven  in  20  in.  Altogether 
these  4^in.  plates  were  considered  to  stand  well. 

815. — "Some  experiments  were  also  about  the  same  time 
carried  on  at  Portsmontli,  tending  to  show  that  three  68-lb.  shot, 
striking  close  to  the  same  point,  will,  at  200  yards,  break  up  and 
drive  in  4^in.  wrought-iron  plates  attached  to  a  timber  ship's 
side.  This  Committee  came  to  the  conclusion  that  although  thin 
wrought  plates  will  break  up  cast-iron  shell,  little  advantage  will 
be  gained  by  the  use  of  iron,  unless  it  be  strong  enough  to  resist 
both  the  fragments  of  shell  and  of  cast-iron  shot ;  that  ships  with 
4J  in.  of  rolled  plates  were  invulnerable  by  any  projectile  then 
in  use,  and  that  plates  should  be  strongly  backed  and  secured  by 
strong  wrought-iron  bolts  with  double  nuts. 

816.  Jones's  Inclined  Target. — ^^In  August,  1860,  Jones's 
(miscalled)  angular  butt  was  tried  at  Portsmouth.  It  consisted 
of  a  series  of  ribs  of  i-in.  iron  plates,  21  in.  deep,  spaced  14 
in.  apart,  connected  together  at  outside  and  top  and  bottom 
with  i-in.  iron  pieces,  screwed  and  nutted  to  the  ribs,  outside 
this  was  laid  13^  in.  of  stout  fir  planking,  and  outside  this  the 
armor-plates,  the  whole  structure  measuring  39  in.  through, 
and  being  placed  at  an  angle  of  52^  with  the  perpendicular.  The 
armor-plates  were  4i-in.  and  S^-in.  steel,  and  4i-in.  wrought- 
iron  from  the  Mersey  Works,  and  4i-in.  of  Derbyshire  iron. 
The  butt,  with  a  strong  and  solid  foundation,  and  well  supported 
by  stanchions,  was  placed  on  the  upper  deck  of  an  old  vessel  and 
fired  at  by  a  68-poimder  solid  cast-iron  shot,  16  lbs.  charge,  range 
200  yards.  The  result  of  35  rounds  was  reported  to  be  that  the 
penetration  was  less  than  half  that  on  perpendicular  plates,  and 
that  the  effect  on  the  woodwork  backing  was  very  slight,  com- 
pared with  that  when  the  plates  are  on  a  ship's  side.  The  Derby- 
shire wrought  iron  was  extremely  brittle ;  that  by  Mersey  Com- 
pany was  far  better;  the  steel  plates  useless.  One  4^  Mersey 
wrought-iron  plate,  7  ft.  x  3  ft.,  took  17  blows  in  an  area  of 
13  square  feet  before  any  part  of  it  was  removed,  and  then, 
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Tabu  CXVII.— EzFiBoaEinni  against  Jokxb's  Inouiixd  Tabor.    Auo.  21,  lan. 

The  namben  in  brackets  (Fig.  374)  ihow  the  numbcn  of  tbae  ro«Ddi. 

OuM. — Annitrong  loo-pdr.  of  81  cwt. 
Snot. — ^Elongated  aoUd  cast  iron,  with  spherical  head.     Chaige,  14  lbs. 
Ranci — 100  yards. 
Takget. — ^The  plates  Nos.  i  and  1  were  4^  in. ;  Nos.  3  and  4  were  5^  in.  thick,  ai^ 
each  one  7x3  feet,  showing  a  vertical  height  of  44  ft.    They  were  secwcd  to  i  ft.  w^^mn 
balks  of  pine  by  screw-bolts  with  conical  countersunk  heads,  if-in.  bolts.     These  plans 
rested  on  plates  15  in.  wide  by  if  in.  thick  let  into  the  backing  of  timber^     Angle  «f  in- 
clination, 50**  53'  from  the  perpendicular. 


•8 

^i 

Bsmarkai 

in. 

in. 

I 

6 

X 

No  fracture ;  1  bolts  broken,  and  3  shaken. 

% 

... 

... 

Missed. 

4 

... 

... 

Struck  wood  framing. 

S 

6 

X 

Plate  slightly  bulged  and  started  vp  f  ia.|  crack,  7  i^  k^ 

6 

6 

♦ 

3  bolts  broken  oat. 

7 

6 

«A 

Plate  bulged  ^  in. 

8 

6 

I 

9 

... 

... 

Missed. 

xo 

... 

«♦ 

Bolt  driven  in  x|  ia. 

II 

6 

>A 

4  cracks  5  to  8  in.  long. 

XI 

6 

i 

Crack  xi  in.  long  x  I  in.  deep  to  edge  of  platt. 

»3 

6 

«i 

»4 

6 

«* 

»5 

... 

... 

Broke  a  piece  of  plate  out  8  x  6^  hi. ;  5  shot  aow  In  tpncc  is  x  U 
in. ;  upper  edge  of  No.  a  pUte  started  up  i  to  a  in. 

t6 

... 

... 

Missed. 

17 

6 

» 

xS 
«9 

6 

... 

Crack  7  in.  long,  and  4  loull  cncks. 
Missed. 

ao 

6 

i 

- 

IX 

6 

» 

It 

... 

... 

Six  shot  now  in  a  apace  laxat  ia.)  breaking  oot  a  ft. x  t  ft.4>iL 
of  No.  a  plate,  and  bulging  framework  to  a  depth  of  4  ia.  {  pnA- 
yeriaing  the  wood. 

All  the  shot  appeared  to  brealc,  upon  striking,  Into  nnaianMU  ha^mtm^  vMcb 
tween  000  and  1000  yards  beyond 
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Tabu  CXVII.~Ezfibdcbntb  aoainbt  Jokxb's  Ihouiixd  Tabor.    Aoo.  21,  IML 
The  namben  in  brmckett  (Fig.  374)  show  the  numbcn  of  theie  rooiidi. 

OvM. — Armstrong  loo-pdr.  of  81  cwt. 
Shot. — ^Elongated  solid  cist  iron,  with  spherical  head.     Chaige,  14  lbs. 
Rangi — aoo  yards. 
Takgit. — ^The  plates  Nos.  i  and  %  were  4^  in. ;  Nos.  3  and  4  were  5^  ilk.  chick,  aad 
each  one  7x3  feet,  showing  a  vertical  height  of  44  ft.    They  were  sccvcd  to  i  ft.  a^Mvc 
balks  of  pine  by  screw-bolts  vrith  conical  countersunk  heads,  if-in.  bolts.     Thoc  ptates 
rested  on  plates  1 5  in.  wide  by  if  in.  thick  let  into  the  backing  of  timber^     Angle  oif  in- 
clination, 50**  53'  ftom  the  perpendicular. 


I 

5** 

«^ 

Bamarkai 

in. 

In. 

6 

I 

... 

... 

Missed. 

... 

... 

Struck  wood  ftaming. 

6 

I 

Plate  slightly  bulged  and  started  vp  f  bL|  crack,  7  m.  loag. 

6 

♦ 

3  bolts  broken  out. 

6 

«A 

PUte  bulged  i  in. 

6 

I 

... 

... 

Missed. 

... 

«♦ 

Bolt  driven  in  i^  ia. 

6 

»ft 

4  cracks  5  to  8  in.  long. 

6 

i 

Crack  ii  ia.  longxi  in.  deep  to  edge  of  platt. 

6 

•i 

6 

... 

Broke  a  piece  of  plate  out  8  x  6^  m.;  5  shot  aow  ia  tpecc  it  xsi 
in.  i  upper  edge  of  No.  %  plate  started  up  i  to  a  ia. 

... 

... 

Missed. 

6 

* 

6 

H 

Crack  7  in.  long,  aad  4  inull  cncks. 
Missed. 

6 

i 

- 

6 

* 

Six  shot  BOW  in  a  apace  11  x  Ai  la.  {  breaktag  OBtaft.xift.41^ 

of  No.  a  plate,  and  bulging  ftamcwork  to  a  depth  of  4  la.  {  pel- 
yeriaiag  the  wood. 

All  the  sbot  appeared  to  break,  upon  alrfklngi  Into  i 
twMo  000  and  1000  yards  beyond 
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TaBLB  OXVnL — EXFXBIKXHTS  AOAWST  JOItWS^B  TaBOBT  PLAOID  yKK10ALI.T. 

Sept.  18,  1861. 

The  plates  had  not  been  disturbed  sinoe  the  experiments  recorded  in  the  foregobf 
table.  The  target  was  merely  raised  to  a  yertical  position  and  aecored  by  hmirj 
balks  of  timber. 

OuM. — Armatrong  lOo-Poander  j  Charge,  t4lbt.;  Shot,  cast  iron,  conical  beaded }  KaagCf 
aoo  yards.    The  numben  in  diamonds  (Fig.  374)  show  the  nmnbcn  of  thnc  1 


No.  of 
.Bound. 

Dlain.o( 
Indent 

Depth  of 
Indent 

Bernvki. 

in. 

in. 

I 

if  and  i| 

4  securing  bolts  broken  and  a  nambcr  of  bolts  ttarted. 

a 

... 

... 

Securing  bolts  all  broken;  pUtc  IcU  to  the  deck. 

3 

«i 

Shot  broke  up ;  bulge,  |  in. ;  crack,  t  in.  long  i  appcr  cige 
started  firom  backmg  if  in.{  plate  badly  welded. 

♦ 

«i 

Crack  14  in.  long,  and  a  short  cracks. 

5 

«l 

a  bolts  broken  and  several  started. 

6 

... 

... 

Drore  fragment  of  plate  if  x  ao  in.  into  backing  is  la. 

7 

li 

a  bolts  broken  and  more  started. 

8 

«* 

I  small  crack ;  bulge,  if  ia. ;  outer  edge  itaitcd  a  to  |  in. 
from  backing. 

9 

6 

Ik 

10 

... 

... 

Drove  piece  of  plate  17  x  34  in.  mto  backing  10  in.  {  I  crack 
14  in.  long. 

II 

... 

... 

Drove  piece  of  plate  la  x  9  into  backing  8  in. 

11 

... 

... 

Drove  piece  of  plate  17x7  into  backing  7  in.  {  opened  fiscBer 
cracks ;  plate  ready  to  fall,  and  tecwed  by  a  rope. 

»3 

... 

... 

Plate  detached,  and  fell  overboard. 

even,  the  iron  was  not  penetrated  nor  the  woodwork  much 
injured."  The  official  accoant  of  these  experiments  is  given  in 
Tables  117  and  118. 

817.  CoBimu>i9oa  of  Elongated  aad  ftpMerieal  Pra|er- 
Hies.* — "A  general  comparison  was  also  made  about  this  tinM 
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between  the  effects  of  elongated  and  spherical  shot  upon  iron  plates 
at  200  yards,  which  went  to  show  that  an  elongated  shot  pene- 
trated more  than  a  spherical  one,  striking  with  the  same  momen- 
tam,  bat  the  blow  of  the  elongated  was  less  spread  and  the 
smashing  effect  less.  Also,  that  a  flat-headed  elongated  shot 
penetrated  deeper  than  a  spherical,  because  the  latter  spreads 
out  on  striking,  and  thus  has  a  larger  surface  opposed,  while  the 
elongated  shot  punches  a  hole  out  for  itself. 

818.  Thomeycroft  lO-Inch  Shield.*— "In  the  autumn  of 

*  Captain  Dyer,  in  hia  paper  before  quoted  ("  Remarks  on  Iron  Defences"),  thus 
refers  to  the  history  and  objecte  of  the  "  Thomejcroft"  bars: — "As  it  was  considered 
desirable  that  some  Airther  experiments  should  be  carried  on  to  determine  the  best 
quality  of  iron  for  defensive  purposes,  a  committee  was  formed  at  the  beginning  of 
last  year  to  ascertain  whether  it  might  not  be  possible,  by  some  improvement  in  the 
manufacture  of  armor-plates,  to  lessen  the  thickness  of  4|  in.,  and  also  to  devise  some 
mode  of  attachment  that  would  obviate  the  necessity  of  bolt-holes,  and  the  tongue  and 
groove.  The  question  of  employing  iron  for  land  defences  was  also  submitted  for 
their  consideration,  as  the  Defence  Commission  had  some  idea  of  employing  iron  very 
largely  in  construotiug  the  works  at  Spithead,  Portland,  ftc.  This  idea  gave  rise  to 
the  experiments  that  were  carried  on  with  the  Thomeycroft  bars.  As  greater  resist- 
ance to  shot  was  obtained  by  these  bars  than  by  any  other  means,  and  as  they  are 
now  being  employed  in  the  defences  of  Antwerp,  the  following  history  of  their  ori^^ 
may  be  interesting : — 

"  In  the  early  stage  of  the  inquiry  relative  to  iron  defences,  it  was  found  exceed- 
ingly difficidt  and  expensive  to  obtain  large  forgings  sufficiently  sound  to  resist  shot, 
until  Mr.  Hartley,  of  the  Shrubbery  Iron  Works,  Wolverhampton,  proposed  to  try  the 
effect  of  rolled  bars  of  iron  tongued  and  grooved  together;  this  proposal  was  agreed 
to,  and  Mr.  Hartley  was  desired  to  prepare  a  target  with  as  little  outlay  as  possible ; 
he  therefore  adapted  a  pair  of  roUs  he  had  in  stock,  and  produced  bars  with  a  sec- 
tional area  of  15  x  5  in.,  the  size  of  the  roUs,  or  rather  the  chgnoe  selection  of  the  pair 
used,  determined  the  size  of  the  first  bars,  which  obtained  the  name  of  Thomoycrofl*s 
bars,  simply  because  they  were  made  at  the  Shrubbery  Iron  Works,  wliich  were  for- 
merly more  generally  known  by  the  name  of  Thorneycroft's.  A  target  formed  of 
these  bars,  secured  together  (in  addition  to  the  tongue  and  groove)  by  a  bolt  passing 
through  them,  was  found  to  offer  such  resistance  to  shot  as  to  warrant  the  belief  that 
if  reduced  to  10  x  4|  in.,  the  defence  would  still  be  found  sufficient  An  embrasure 
was  therefore  constructed  of  bars  10  x  4|  in.,  having  several  feet  of  masonry  above 
them ;  on  this  occasion,  the  bolt  used  in  the  former  experiment  to  secure  ih.e  bars 
together  was  dispensed  with,  as  it  was  considered  that  sufficient  solidity  would  be 
obtained  by  the  weight  of  the  masonry  above.  This  embrasure  stood  the  most  severe 
tests  without  showing  any  signs  of  weakness;  salvos  froin  68,  80,  40,  and  32-pounder 
gons  were  fired  against  it,  apparently  without  damaging  the  structure,  and  it  was, 
with  reason,  thought  that  an  embrasure  of  this  construction  was  invulnerable.  Indeed, 
so  confident  were  all  in  this  method  of  applying  iron  for  defence,  that  it  was  proposed 
still  further  to  reduce  the  sectional  area  of  the  bars,  and  to  substitute  wrought-iron 
supports  for  the  masonry.    Two  embrasures  were  therefore  constructed  for  experi- 
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I860,  a  further  trial  was  made  at  Slioebiiryness,  of  the  Thomej- 
croft  principle,  on  a  shield  12  ft.  x  6  ft.  4  in.,  with  an  embrasure 
opemng  of  23  in.  x  39  in.,  composed  of  rolled  bars  10  in.  wide 
and  4  in.  thick,  with  tongues  and  grooves.  There  were  thus 
6  long  bars  and  10  short  bars ;  the  shield  was  applied  to  the  front 
of  a  masonry  casemate,  and  a  68-pounder  gun  was  mounted  in  the 
casemate,  on  a  traversing  platform.  It  will  thus  be  seen  that 
this  shield  was  but  10  in.  thick,  or  4  in.  less  than  that  tried  at 
Portsmouth,  and  before  described.  The  principal  points  in  which 
it  differed  from  the  Portsmouth  shield  was,  that  instead  of  the 
several  bars  being  held  down  by  bolts  passing  through  them,  they 
were  in  this  case  clamped  together  by  strong  vertical  tie-bolts  at 
their  back  at  each  end,  and  these  passed  through  bonding-irons  at 
the  top  and  bottom ;  the  whole  was  well  bedded  in  the  masonry, 
and  tied  through  the  whole  thickness  of  the  parapet  by  strong  tie- 
rods  ;  the  shield  was,  moreover,  backed  by  masonry  over  its  whole 
surface.    This  shield  was  first  fired  at  with  grape  and  s^ment 


ment;  one  of  bars  10x4|  in.,  supported  hy  wrought-iron  uprights  21  ft.  apart,  and 
every  fourth  bar  secured  by  a  dovetail  at  the  back  to  the  upright.  The  other  embra- 
sure was  composed  of  bars  8  x  3|-  in.,  supported  at  the  ends  hy  masonrj,  and  in  the 
centre  hy  wrought-iron  uprights  2^  ft.  apart,  similar  to  the  other.  At  this  experi- 
ment, Sir  W.  Armstrong's  120-pounder  shunt  gim  was  used,  and  the  effect  of  this 
formidable  piece  of  ordnance  against  the  embrasures  was  such  as  to  put  an  end  at 
once  to  aU  idea  of  their  impenetrability  and  the  strong^  anticipated  by  the  wrought- 
iron  supports.  It  was  found  that  the  tongue  on  the  bars  was  readily  stripped  off,  and 
the  uprights  broken  in  tl^jB  yicinity  of  the  blow,  leaving,  as  it  were,  each  bar  singly  to 
resist  the  impact  of  the  shot  without  deriving  any  support  fh)m  the  others.  In  the 
bars  used  at  this  experiment  sufficient  care  had  not  been  taken  in  the  '  piling'  to 
obtain  the  greatest  amount  of  strength ;  but  independently  of  this  defect  in  manufac- 
ture, the  very  small  comparative  resistance  offered  to  the  shot  caused  all  idea  of  using 
these  bars  to  be  most  reluctantly  abandoned.  Bars  of  this  description  possess  many 
advantages  over  wrought-iron  plates,  if  it  were  possible  to  hold  them  securely 
together,  and  make  each  one  derive  its  proper  share  of  support  fW>m  the  others.  The 
advantages  alluded  to  are  as  follows : — 

"  1.  The  rapidity  with  which  they  can  be  manufactured. 

"  2.  The  fedlity  of  transporting  them  from  the  forge  to  the  work. 

"3.  The  gp'eat  thickness  of  metal  obtained  sound,  at  a  comparatively  small  cost 
per  ton,  for  it  must  be  remembered  that  the  price  per  ton  of  wrought  iron  increases 
very  rapidly  in  proportion  to  the  weight.  For  example :  while  £19  per  ton  was  paid 
for  Thomeycroft's  bars,  with  a  prospect  of  a  very  considerable  reduction,  the  armor- 
plates  were  costing  from  £32  to  £40  per  ton,  and  the  stem-port  of  the  '  Warrior'  cost 
no  less  than  £150  per  ton." 
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Armstrong  shell,  at  400  and  600  yards,  from  68-pounder,  32- 
pounder,  and  a  25-pounder  Armstrong  gun,  and,  from  the  dimin- 
ished size  of  the  embrasure,  the  effect  upon  the  inside  of  the 
casemate  was  favorable.  After  this,  a  number  of  rounds  (about 
21),  with  wrought  and  cast  shot,  were  fired  from  68-pounder,  and 
80-pounder,  and  40-pounder  Armstrong  guns,  at  600  yards,  and 
without  any  serious  injury. 

In.       ia. 

The  68-poander  indented  about i^  to  i^ 

"    8o-pounder        "  «•    I 

"    40-pounder        «•  «•    f 

**    grape  «  «•    ^ 

^^The  masonry  of  the  parapet  was  struck  several  times  and 
fearfully  injured." 

819.  lO-Inch  Thomeycroft  Shield  wltltoat  Backlnir* — 

^^  After  this,  another  experiment  was  made  upon  the  same 
shield,  without  masonry  backing,  the  masonry  only  giving  it  sup- 
port at  its  two  ends.  In  this  trial  it  received  29  blows  from  68- 
pounder,  and  80-pounder,  and  40-pounder,  at  600  yards,  with 
wrought  and  cast  shot,  and  stood  very  nearly  as  well  as  with  the 
stone  backing.  It  will  thus  be  seen  that  the  shield  received  50 
shots  in  all.  One  bar  had  a  piece  knocked  out  of  it ;  one  or  two 
slid  laterally  a  few  inches ;  a  few  had  cracks  in  them ;  but  alto- 
gether the  shield  was  but  little  injured.  No  indentation  exceeded 
li  inch."* 

830.  Iron  Embrasare  Flarimir  Cheeks. — "Together  with 
the  trial  of  this  10-inch  Thomeycroft  embrasure,  a  trial  of  another  ' 

wrought-iron  embrasure  of  special  construction  was  made.  This 
consisted  of  four  massive  pieces,  two  cheeks  or  side-pieces  about  8 
inches  thick,  set  splayed,  to  allow  a  lateral  traverse  of  60®,  with  a  ' 

sill  and  head-piece  4  inches  thick ;  the  whole  was  very  firmly  bolted 

and  dovetailed  t(^ether,  and  proved  very  strong ;  but  the  defect  of  ! 

t 

*  *'  ErvBOT  OF  SouKD. — A  short  time  after  tfaia,  an  opinion  gained  gnmnd  that  the  j 


effect  of  the  sound  arising  from  heavy  guns,  fired  out  of  an  iron  embrasure  of  this  oon- 
Btruction,  would  be  an  obstacle  to  its  use ;  and,  to  test  this,  a  number  of  shots  were 
fired  from  a  68'pounder,  at  every  possible  degree  of  lateral  range,  and  no  inoon- 
venienoe  whatever  was  felt  by  any  person  in  the  casemate/' — Captain  Ingiis, 


I 
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the  flaring  cheeks  was  so  apparent,  in  oomparison  with  the  smaD 
opening  of  the  Thomeycroft  embrasure,  and  the  effect  of  the 
splinters  and  grape  let  in  bj  these  sloping  cheeks  so  destmctiTe 
npon  the  interior  of  the  casemate,  that  the  principle,  although 
possessing  some  advantage  as  to  strength,  was  soon  given  np.  It 
is  right,  perhaps,  that  I  should  here  mention  that,  on  a  subsequent 
occasion,  the  10-inch  Thomeycroft  shield  (which  I  have  bean 
describing  as  about  proof  against  an  80-lb.  shot)  was  found  to  be 
xmequal  to  a  blow  from  a  120-lb.  shot  thrown  from  8ir  W.  Ann- 
stron's  shunt  muzzle-loading  gun. 

831.  Special  Iron  Committee,  IMl.—^^  Early  in  1861,  the 
special  committee  on  iron  was  appointed,  and  during  the  whole 
of  the  past  year  (1861)  they  have  been  frilly  occupied  with  a  vast 
number  of  very  important  investigations.  The  more  important 
and  immediate  and  difficult  object  of  inquiry  of  this  committee, 
has  been  that  of  giving  the  most  effective  armor  to  our  navy ;  but 
the  question  of  iron,  as  used  for  defence  generally,  has  also  oocn* 
pied  much  of  their  attention,  and  the  greater  part  of  their  experi- 
ments are  as  usefrd  and  instructive  to  the  designers  of  fortificadon 
as  to  naval  architects. 

899.  Thomeycroft  lO-Incii  and  S-Inelt  SMelcto.— *' The 
10-in.  Thomeycroft  shield,  fired  at  by  the  Ordnance  Iron  Committee, 
having  given  great  promise  of  success,  and  the  principle  appear- 
ing to  give  greater  strength  for  the  same  money  than  by  any 
other  plan,  it  was  determined  to  prosecute  the  inquiry  further, 
and  to  erect  two  new  shields.*    The  10-in.  shield  was  made  on  the 


*  Captain  InglU  says,  in  tho  same  paper: — '*I  think  that  a  false  step  was  taken  ia 
fixing  the  thidmess  of  these  two  shields.  When  the  oripnal  Pdrtonovth  I44iicb 
shield  had  been  tried,  and,  except  for  a  certain  defect  in  oonstmctioo,  fixnid  T&ry 
good,  instead  of  cautiously  taking  off  little  by  little,  so  as  to  find  a  safe  BunbDaB, 
4  in.  in  thickness,  or  28  per  cent.,  was  taken  off  at  one  step,  just* at  the  time  mhtm 
projectiles  were  getting  larger  and  flying  faster,  and  a  10-in.  shield  tried  al  Shoeborr. 
This  proved,  as  I  have  said,  equal  to  a  certain  gim,  but  quite  unequal  to  resist  the 
heayier  projectiles  ooming  into  the  serrice. 

** Instead,  therefore,  of  putting  on  soora  strength,  such  as  making  up  IS  iachm  in 
thickness,  another  10-in.  shield  of  much  larger  dimensions,  and  under  oODSidenbly 
less  advantageous  circumstances,  and  of  very  questionable  and  ill-oontrived  i 
tbn,  WM  brought  out;  and,  to  make  matters  worse,  another  shteld  of  only  8 
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independent  principl6>--that  is  to  Bay,  it  was  to  be  Belf«apporting, 
without  any  aid  from  the  rest  of  the  fort,  or  other  work  of  which 
it  might  form  an  embrasure.  It  presented  a  front  of  12  ft.  x  8  ft., 
with  an  opening  or  port  for  gun.  It  consisted  of  bars  in  section, 
10  in.  X  4^  in.,  tongned  and  grooved  as  before,  but  five  of  the  bars, 
Tiz.,  Ist,  8th,  12th,  19th,  and  21st,  had  dovetails  on  the  whole 
length  of  their  back,  on  which  upright  backing  pieces  fitted, 
which  were  intended  to  bind  the  mass  from  top  to  bottom ;  the 
shield  was  supported  at  the  back  by  massive  rolled-iron  struts 
footed  down  into  sill-pieces  of  the  same  material.  The  8-in.  shield 
was  composed  of  bars  8  in.  x  8{  in.,  with  similar  backing  pieces, 
but  supported  at  either  end  by  masonry  piers  to  which  it  was 
bolted  On  the  first  day's  firing  at  the  10-in.  shield,  the  backing 
pieces  gave  way  at  the  dovetails,  and  the  mass  not  being  tied 
together,  the  bars  got  displaced  and  broken,  and  ultimately,  the 
whole  shield  being  driven  off  its  solid  bed,  it  fell  over  and  buried 
its  face  in  the  sand.  On  the  second  day,  strong  vertical  iron 
shackles  had  been  prepared  in  order,  as  a  temporary  measure,  to 
supply  the  place  of  the  backing  pieces  that  had  failed ;  these  made 
the  shield  offer  considerably  greater  resistance,  but  when  they 
ultimately  gave  way,  the  shield  could  not  stand  against  the  120 
or  100-pounder  guns.  The  8-in.  shield  could  not  even  stand  two 
68-pounder  shot,  striking  near  the  same  spot,  and  the  100-pounder 
destroyed  the  target ;  shackles,  as  before,  were  afterwards  added, 
but,  although  they  had  some  effect,  the  shield  was  quite  unequal 
to  the  gun  brought  against  it." 

Table  119  is  the  ofiSicial  report  of  the  firing  against  these 
targets.  Figs.  875  and  876  represent,  respectively,  the  front  and 
end  of  the  8-in.  target,  and  Fig.  877  is  a  section  of  the  8-in. 
bar. 

Results. — ^Thorneyoeoft  10-Inch  Tabget.  The  2d  shot  (Table 
119)  hit  the  right  face  just  at  the  mouth  of  the  embrasure  on  the 
1th  bar  above  the  sill ;  made  an  indent  7  in.,  in  diameter.    Three 

was  ordered.  The  trial  of  these  two  against  such  blows  as  the  100-pounder  serrioe 
and  130-lb.  shunt  gun  can  give,  at  400  yards,  led  to  what  might  have  been  easily  fore- 
seen, and  the  two  targets  oompletely  broke  down." 
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of  the  bars  driven  back  3  in.,  two  more  bars  2  in.    The  tongQes  of 
the  bars  where  struck  sheared  off. 

3.  Passed  through  the  embrasure. 

4.  Struck  the  lower  bar  on  its  lower  edge ;  scooped  out  a  hemi- 


PlO.  376. 


Pio.  376. 


FlO.  StT. 


& 


Thornejcroft  8-in.  target 


spherical  piece  2^  in.  in  depth,  7  in.  in  diameter ;  tore  awaj  i 
of  the  wooden  foundation. 

5.  Struck  20  in.  to  the  left  of  the  last  round.  Exactly  the 
same  effect. 

6.  nit  the  left  top  of  the  target  on  the  7th  and  8th  bar  from  the 
top ;  diameter  of  indent,  9^  in. ;  depth,  1}  in.  The  back  of  the  8th 
bar  which,  owing  to  the  dovetail  on  the  back  was  12^  in.  thick- 
ness, was  cracked.    The  bars  did  not  appear  to  be  displaced. 

7.  Through  the  embrasure. 

8.  To  the  right  and  13  in.  from  the  mouth  of  the  embrasure 
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Tabui  CXnL^Ezpmiaam  aoaix«t  tkb  TnoByBToaorr  S-Uoh  avd   lO-Isou 
TAum.    Jen  «.  1861. 

The  tM  target  was  hrmitd  of  Tboracycroft  ban,  MCiifW  by  4«vctaib  to  tW  ifoa  ap- 
rigbtii  tib<  4ovttaUt  wcf«  rolM  oa  tlia  back  of  tW  itt,  ttlit  ia»  t$^  md  ftiM  ban. 
TKc  ban  were  lo  in.  by  4  \n^  ao4  ift  ft.  toAg)  t^  >»>■  aprigbti  were  a^  ft.  apart. 

The  td  target  waa  fer«c4  of  luntlar  ban,  t  ia.  by  }§  ia.,  tapfortad  ia  a  aiaular  maa- 
aaf  with  iroa  aprigbts,  tba  ta4  aaca  bdag  •«ppe«te4  by  maaeary. 

Not.  14^-10  gift  tba  laaallB  of  eapartflacaia  ^/umu  tba  Tboraaycroft  to-ia.  targat« 
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Tabu  CXIX.— (Oaiitui  umd,) 

The  experiments  condnued  againtt  the  Independent  Shield  of  Tborneycrolt  ban,  ic 
by  4-in.,  and  agaiaat  the  Embrasvre  formed  of  Thomeycroft  ban,  t  in.  by  3f  ta^  wctc 
returned  June  13,  1861.     Range,  400  yardi)  cait*inMi  lolid  ihoc 

Boih  the  bars  toere  tecurtd  by  strong  iron  braces,  and  strongly  mipporied  bg  fMber  I 
btUnoboMng  was  used. 

Not.  A7-30  give  the  retnla  of  ezperimcati  againtt  the  S*ia,  feugct. 


Nature  of  Ordnaaea. 
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on  the  13th  and  14th  bars;  diameter  of  indent,  9  in.;  depth, 
1.64  inch.  « 

9.  Through  the  embrasure. 

10.  nit  the  foot  of  .the  second  upright  below  the  bars;  broke 
away  3^  feet  of  the  bar,  tore  away  the  part  that  formed  the  dore- 
tail  between  19th  and  2l8t  bars,  and  drove  the  top  of  the  taigel  < 
in.  forward. 
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11.  Stmck  the  5th  bar  from  the  top;  diameter  of  indent  8^  in., 
depth  1'68  in. ;  cracked  the  bar. 

12.  Hit  the  10th  bar  from  the  top;  opened  a  crack  right 
through  the  bar  one  inch  wide.  The  left  upright  was  cracked 
right  throngfa  at  the  second  dovetail  from  the  top.  The  tongue 
of  the  bar  where  etruck  was  sheared  off  for  several  inches. 
Indent,  2*12  in. 

13.  Hit  the*  3d  bar  from  the  top ;  broke  away  2  ft.  9  in.  of 
the  bar,  and  drove  it  ten  yards  to  the  rear  of  the  target ;  opened 
the  three  top  bars  H  in.  each,  stripped  off  the  top  part  of  the  first 
dovetail  on  the  second  upright ;  opened  the  crack  on  the  first  up* 
riglit  2^  in.  wide.     Indent,  2*20  in.     The  target  fell  on  its  face. 

Thobneyoboft  8-Inch  Taboki. — 14.  Hit  on  the  3d  and  4th  bar 
below  the  sill  of  the  embrasure ;  drove  a  piece  7i  by  4J  by  2^  in. 
from  the  back  of  the  3d  bar;  diameter  of  indent  on  the  face,  9  in. ; 
depth,  2  in. 

15.  Hit  on  the  left  of  the  embrasure  on  17th,  18th,  and  19th 
bars ;  made  an  indent  9  in.  in  diameter,  1}  in.  deep,  and  cracked 
the  bar. 

16.  Hit  almost  exactly  on  the  same  spot  as  No.  2,  made  a  crack 
across  all  three  of  the  bars  2^  in.  wide ;  the  bars  were  driven 
2}  in.  into  the  mouth  of  the  embrasure.  The  masonry  was  much 
shaken. 

17.  Hit  just  over  one  of  the  iron  upright  supports,  which  it 
drove  away,  breaking  it  into  three  pieces  and  tearing  away  the 
slots  made  to  receive  the  dovetails  on  the  back  of  the  bars; 
cracked  the  bar  where  it  struck ;  crack,  2  in.  wide.     Indent,  2*8  in. 

18.  Drove  a  piece  of  the  bar,  80  lbs.  in  weight,  thirty  yards  to 
the  rear  of  the  target ;  hit  just  below  on  the  next  bar  to  No.  4 ; 
opened  a  crack  8  in.  wide  through  both  bars ;  drove  the  ends  of 
the  bars  5^  in.  across  the  mouth  of  embrasure ;  knocked  down  the 
four  top  bars  and  cracked  the  masonry.     Indent,  3.1  in. 

19.  Hit  the  bar  which  formed  the  top  of  the  mouth  of  the  em* 
brasure  at  its  extreme  end,  just  over  the  wood  backing,  which  it 
crushed  in,  made  a  small  indent,  and  brought  down  six  more 
bars. 
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Thornetcboft  10-Ikch  TABOirr. — The  8-in.  target  was  now  so 
de8tro3*ed  that  the  firing  was  discontinned,  and  the  120-poander 
shunt  gun  was  laid  on  the  old  10-in.  Thornejcroft  embrasure. 

20.  Hit  to  the  right  and  below  the  mouth  of  the  embrasure ; 
cracked  three  bars  through  in  five  places,  opened  the  bars  H  in. ; 
the  bars  were  much  bulged  and  distorted  in  rear.     Indent,  3*3  in. 

21.  Hit  the  top  bar  of  the  mouth  of  the  embrasure,  and  passed 
through,  scooping  out  a  very  small  piece. 

22.  Breech-loading  shunt  gun. — Hit  on  the  7th  and  8th  bars : 
depth  of  the  indent,  1*65  in. ;  diameter  of  indent,  d^in.  The  bar 
slightly  bent  behind :  the  tongue  ofthe  6th  bar  sheared.  The  bars 
were  separated  ^  in.  in  rear. 

23.  The  muzzle-loading  shunt  gun. — Hit  on  the  18th  and  19th 
bars ;  depth  of  indent,  1*9  in.  No  crack  or  bulge  in  rear ;  the  bars 
did  not  separate ;  the  upper  dovetail  on  the  left  upright  started 
i  in. 

24.  Hit  on  the  18th  and  19th  bars ;  depth  of  indent,  1*3  in.  No 
bulge  behind,  damage  being  slight  indeed  in  rear. 

26.  Hit  on  the  10th  bar ;  opened  a  crack  1  in.  wide,  broke  off  13 
in.  of  the  bar  and  drove  the  bar  3  in.  to  the  rear;  sheared  off  the 
tongue.  Struck  over  the  3d  upright  from  the  left ;  knocked  it  oil^ 
tearing  off  the  dovetails,  broke  the  upright  into  two  pieces ;  opened 
the  bars,  bulged  them  3  in.  to  the  rear,  cracked  the  13th  bar  length- 
ways. 

26.  Struck  over  the  left  brace  which  was  If  in.  in  thickne» ; 
cut  it  in  two ;  started  the  dovetail  at  the  back  of  the  left  nprighl 
to  1^  in. ;  broke  the  upright ;  cracked  the  bar  across  the  back. 

TnoBNETOBOFr  8-Inch  Target. — ^27.  Hit  on  the  6th  and  Tlh 
bars ;  drove  them  2  in.  to  the  rear,  cracked  them  through  and 
drove  away  the  two  uprights ;  broke  one  into  two  pieces ;  tore 
away  the  dovetails  from  each. 

28.  Hit  on  right  wood  support;  passed  through  6  in.  of 
wood,  indented  iron  1*75  in. ;  broke  iron  upright  in  rear  in  two 
places. 

29.  Tore  away  4  feet  of  4  bars ;  sheared  off  tongues ;  made  a 
hole  4  ft.  X    2^  ft.  X    1^  ft.  beside  embrasure;   drove  tererml 
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pieces  to  rear.  These  2  shote  hit  at  the  same  time  and  struck  near 
together. 

30.  These  4  guns  were  fired  together ;  the  68-ponnder  passed 
through  embrasure,  and  the  100-pounder  struck  the  masonry. 
The  7th  and  8th  bars  cracked  through  ;  broke  6th,  8th,  and  9th 
bars  across  in  two  places,  and  bulged  them  all  inwards.  The  two 
shots  that  struck  the  embrasure  were  5^  feet  apart. 

898.  IMfltorent  <|HaliUes  of  Iron  aad  Steel.*—  "  At  the 
commencement  of  their  proceedings  the  Iron  Committee,  besides 
consulting  all  practical  and  scientific  men  of  experience  in  the 
manufacture  of  iron  in  this  and  in  other  countries,  invited  all  the 
principal  manufacturers  to  send  in  plates  for  experiment.f  The 
plates  were  tried  at  Shoebury,  fixed  vertically  without  backing 
against  strong  timber  frames. 

"  Plates  of  homogeneous  iron,  of  hammered  and  rolled  iron  of 
various  qualities  and  make,  steel,  and  steel  and  iron  combined, 
and  even  copper  have  been  tried.  The  plates  of  more  than  twelve 
different  firms  underwent  trial  and  test  of  every  possible  descrip- 

*  Captain  Inglis^s  account  continued. 

f  Captain  Dyer  remarks  in  the  paper  before  quoted :  "  The  Committee  appointed  at 
the  beginning  of  last  year  to  continue  the  inquiry  on  the  subject  of  iron  defences,  ob- 
tained the  opinion  of  most  of  the  principal  iron  manufacturers  in  the  country  as  to  the 
best  quality  and  manufacture  of  iron  to  resist  shot.  The  great  diversity  of  opinion 
among  so  many  practical  men  could  only  be  accounted  for  by  the  fact  that  none  of 
these  gentlemen  had  ever  had  an  opportunity  of  witnessing  the  effect  of  a  shot  on  an 
iron  plate,  and  this  in  some  measure  explains  the  very  small  progress  that  had,  up  to 
a  recent  period,  been  made  in  their  manufacture.  In  consequence,  plates  of  various 
qualities  and  manufactures  were  ordered  for  experiment,  and  the  makers  were  re- 
finested  either  to  be  present  themselves  at  the  experiment,  or  to  send  some  one  in 
whom  they  placed  confidence.  They  all  most  gladly  ayailed  themselTes  of  this  per> 
mission,  and  at  the  conclusion  of  the  experiment  they  expressed  themselres  confident 
of  being  able  to  overcome  all  difficulties  of  manufacture,  and  of  producing  plates 
capable  of  resistirg  shot.  Practical  knowledge  of  great  value  was  by  this  means 
afforded  to  those  manufacturers  who  proposed  to  devote  themselves  to  this  branch  of 
the  iron  trade ;  and  a  spirit  of  emulation  raised  among  the  different  iron-masters  which 
cannot  fail  to  have  a  most  beneficial  effect  in  bringing  the  question  (as  far  as  qualities 
and  manufacture  are  concerned)  to  a  satisfactory  solutioa 

*'  The  advantage  of  having  allowed  the  iron  manufacturers  to  be  present  at  the 
different  experiments  is  already  becoming  apparent  in  the  improvement  of  the  plates 
supplied  for  trial;  and  the  time  is  not  far  distant  when  the  more  general  use  of 
mechanksal  means,  to  move  the  large  masses  while  being  forged,  will  reduce  the  price 
per  ton  to  more  reasonable  limits.'' 
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Tablx  CXX.— Expibdibsts  aoaivst  ICasokbt  fbotxctbd  bt  Iboh.    Mat  9, 18«1. 
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Covered  with  Smii.  plates  it  will  effectaallj  resist  a  40-pounder 
Ariii«*troiijr  shot  at  000  yanls. 

But  the  3^-in.  plates  are  not  sufficient  to  resist  the  heavier 
nature  of  pnijt'ctiles. 

Tho  iron  platen  were  manufactarod  of  rolled  iron  bj  Messrs. 
Brown,  Ilnjrlie^  &  Co.,  Newport 

5  fret  6  iachci  bjr  ft  feet  6  incho,  1  .         li  i«ch«  la  tWck^- 

4  /ect  6  mcha  by  i  fret  6  inchet,  /  *•  *♦•  ^*  5*  '"*■•  •"  «"««^- 

Ea^'h  plate  was  sccnred  to  the  masonry  by  six  2-in«  bolts 
which  pa^MNl  through  tlie  plate  and  were  MX!ared  by  double  nuts 
t4>  mil  WAV  hstrs  hurird  vertically  four  feet  in  the  masonry;  the  tops 
of  tlu^M*  harn  were  again  secured  by  bolts  to  the  rear  of  the  work. 
(S4V  Tahio  120.) 

IU>ri.-i*«. — Masonry  rR(ni9iTcn  bt  Iron.  (Table  120.) — L  Hit 
right-liHitd  (*onicr  of  niiuionry  ;  buric<l  itself  in  the  brickwork. 

2.  Hit  centre  of  HAtu  plate;  very  slight  indent;  no  cracks; 
i»hoi  hn»ke. 

3.  Mii^mhI. 

4.  Hit  left-hand  top  n>mor  of  3>in.  plate  just  over  the  bolt; 
one  very  MUiall  craf'k  from  the  b«ilt-hole ;  indent,  very  small ; 
plate  not  hurt. 

5.  Hit  centre  of  ^-in.  plate;  very  i^mall  indent;  plate  not 
daiiinirrd. 

r>.  Short  and  ric*<M*hct.  Hit  3-in.  plate  to  led  of  leftrcentro  lM)lt, 
half  on  plnte«  half  on  niaiM>nry;  XhAi  slightly  drawn  out;  plate 
InMit  a  little  hut  no  damage  done. 

7.  Short  and  ric4N*hct.  Hit  2-in.  plate  with  side  of  sliot,  just 
li*aviiig  the  mark  of  itji  hha|>e  «»n  tlic  plate. 

s.  Struck  on  the  e<lge  of  the  3-irt.  plate  near  right-<rcntre  bolt; 
iiiude  a  cinMiIar  crack  thn»u;;h  iM»h-hole;  diameter  of  the  cracktxl 
jmrt,  7  inclni*. 

9.  Hit  chiM*  to  No.  H;  very  Muall  indent;  no  cracks. 

10.  Hit  3|*iri.  pl.4te  near  th**  <M»ntre;  no  damage  to  plate. 

11.  Hit  4  in.  frx>m  top  of  lower  tl^-in.  plate;  no  damage 
done. 

42 
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and  extending  round  it  in  diameter  12  in.,  plate  mach  bent ;  the 
bolt-hole  evidently  weakened  the  plate. 

23.  Hit  top  of  granite. 

24.  Hit  2^-in.  plate  4  in.  .from  the  edge ;  the  plate  mocfa 
cracked  within  and  round  the  indent,  in  area  8  by  10  in. 

25.  Miss,  short,  and  ricochet  on  to  bottom  of  plate. 

26.  Hit  lower  left  plate  (2^-in.)  near  left-centre  bolt,  bulged 
the  plate  into  masonry  in  area  6  in.  by  7  in. ;  two  cracks  from  the 
bolt-hole. 

27.  Hit  close  to  No.  25  at  bottom  of  3-in.  plate,  2  in.  from  a 
bolt ;  drove  a  piece  12  in.  by  5  in.  into  the  masonry  4  in.  deep. 

28.  Struck  300  yds.  short  and  over  target. 

29.  Miss;  short. 

80,  31,  82.  Hit  lower  3^-in.  plate ;  damage  very  slight 

33.  Struck  300  yds.  short ;  hit  top  of  2-in.  plate  over  top  right- 
hand  bolt ;  diameter  of  indent,  9  in. ;  the  comer  of  the  plate 
buckled  up  1^  in. ;  masonry  started  and  cracked  a  little. 

34.  Hit  at  junction  of  2-in.  and  3-in.  plates ;  depth  of  indent,  8 
in. ;  area,  7  in.  by  11  in. ;  started  masonry  ^  in.  and  cracked  the 
granite  block  on  the  top;  a  crack  from  the  bolt-hole  of  S-in. 
plate. 

35.  Missed  the  target  and  hit  Thomeycroft's  embrasure  cloie  to 
its  left  edge,  on  the  6th  bar  from  top ;  broke  the  bar  and  drovtt  it 
5  in.  into  the  opening  of  the  embrasure. 

36.  Hit  2^in.  plate,  crack  extending  from  a  bolt-hole ;  a  pieee 
of  the  plate  20  in.  by  9  in.  driven  into  the  masonry,  which  ww 
much  shaken. 

37.  Hit  at  junction  of  2i-in.  and  2-in.  plates,  which  separated 
J  in. 

38.  Hit  top  of  lower  3^in.  plate ;  crack  through  left  upper  bolt- 
hole  ;  it  struck  over  No  11. 

39.  Hit  top  of  stonework. 

40.  Hit  at  the  junction  of  the  two  8|-in.  plates ;  the  plates  sep- 
arated f  in.,  crack  extending  from  bolt-hole  to  No.  S3  shot-hole: 
the  bolts  not  a  bit  started. 

41.  Hit  comer  of  the  granite  and  brought  down  a  huge  pieeeL 
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42.  Hit  lower  edge  uf  2-iiL  plate ;  shot  broke  up  and  remained 
in  the  hole  5  in«  in  maaonrj. 

Mat  16,  1861. 

43.  Struck  bottom  c«>nier  o(  2-in.  pUte  on  the  top  of  the  bolt, 
bn>ke  away  a  pie(*e  15  in.  by  1^  in.,  and  drove  it,  broken  up  witli 
the  )iietH*ii  of  the  fthell,  2  ft.  into  nuuMmry ;  Htruck  over  No.  42. 

44.  Stniek  at  tlie  joint  of'Jj-in.  platen,  broke  away  an  irregular 
hole  14  in.  by  II  in.,  and  foncNl  the  pieeeit  with  the  slieil  1  ft.  into 
moiMinry ;  lower  \h>\X  ven*  iuu<*h  damaged  and  bolt  bent. 

45.  Hit  junetitm  of  2-in.  plat4*it ;  iihell  bn>ke  up  and  driven  into 
tlie  matH>nr}'  alniut  15  in.  deep ;  broke  away  the  left  (*omer  of 
kiwer  2|-in.  plate  near  Wt  round;  bn>ke  off  5  in.  of  the  bolt 
where  hit 

46.  Stniek  joint  o(  •'i-in.  platen;  hole,  9  in.  by  13  in.;  drove 
piet^en,  with  ]>i<H*4*»of  ghell,  10 in.  into  masonry;  plate  not  cracked, 
very  f«li:rhtiy  Iwnt;  the  plates  blightly  separated. 

47.  Struck  2^in.  plate  near  left  edge  over  No.  24,  broke  away 
a  piev-e  2  ft.  by  0  in.,  and  drove  it  in  pieei*>s  with  pie<*e«  of  »hell, 
1  ft.  iiit<»  mju<4mry ;  ]ilate  much  bent,  no  cnu*ks. 

4*^.  Hit  joint  of  3J-in.  platen  over  tlie  6H.|Hmnder  No.  8?^;  two 
largt>  I'HM'kA  extending  through  l^dt  holi*ii  in  a  circular  dire<*ti«in 
right  fMT«»^H  the  plate;  another  ein*ular  enu*k  on  K>wer  plate 
through  the  )Mirt  hole;  did  not  ))i*netrate. 

40.  Hit  erntre  of  lt>w<T  3)  in.  plato;  i%tart4*<l  a  Udt  1  in;  plate 
very  iJightly  lM*nt ;  d«*pt)i  of  indent  vrry  Mnall  indited ;  plate  not 
daniiiiTi^l  at  all;  a  gn*:iC  d«>al  of  iiiaiMinry  f«hak<'n  down  fn>m  t4»p. 

50.  Hit  n«*iir  the  tk.\mt*  pli4i*e;  plate  a  very  little  btifkhHl,  and 
rM4*k(*<l  a4*n»v«;  the  UAu  ^^ttuml  well,  the  plat4*  Iieing  forced  Imek 
on  thiMu ;  the  enu^k  pamMHl  through  a  iMilt-hoh*. 

51.  Hit  eentreof  3in.  plato;  dfpth,3l  in. ;  large  circular  Grai*k 
round  indent;  diameter  of  rnuk^  14  in. 

5 J.  Stnick  lower  3}.in.  plutf,  broke  away  the  ujumt  hulf  4»f  thf 
louer  I tl.itc,  except  a  Hmall  ronier  near  left  top  Indt;  right  t4i|» 
Nilt  hmken;  tlie  piet^e  crark4*«l  thn»ii;^h,  and  nuirh  bu(kh*«l. 

•%3.  Hit  (»n  the  exfioMHl  part  t»f  ma^mry,  on  the  pUee  mhere  the 
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^  a.  denotes  Bpheiioal;  A.,  Armstronf ;  Sc,  8pherio»l  eommoiL 
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^  8.  deootas  Spherical;  A.,  Armstroiig;  Be,  Spherical  oommon. 

12.  Hit  at  the  joint  of  the  3-in.  plates ;  the  left  bolt  slightly 
drawn,  and  the  plate  bent  {  in.,  bnt  not  damaged. 

13.  Hit  left  top  corner  of  the  lower  2-in.  plate;  broke  the 
plate ;  a  piece  8  in.  by  8  in.  driven  6  in.  into  masonry ;  the  bolts 
were  not  drawn,  nor  the  plate  shaken  nor  cracked. 

14.  Hit  at  junction  of  2-in.  and  2l-iii-  plates ;  a  piece  6  in.  by 
7  in.  nearly  broken  out,  driven  4  in.  into  masonry ;  the  edge  of 
2^in.  plate  slightly  bulged. 

15.  Hit  centre  of  3^in.  plate ;  no  damage. 

16.  Hit  centre  of  2^-in.  plate ;  no  damage  done. 

17.  Hit  near  centre  of  Sj^-in.  plate ;  no  damage. 

18.  Hit  at  junction  of  2^-in.  and  3^-in.  plates ;  2f-in.  plate  driven 
in  i  in. 

19.  Hit  centre  of  2^in.  plate ;  no  damage  done. 

20.  Hit  lower  2-in.  plate ;  made  a  large  circular  crack  round 
the  indent. 

21.  Hit  lower  2^in.  plate  near  bolt-hole ;  two  large  cracks,  one 
on  each  side  of  bolt-hole,  extending  from  it  6  in. 

22.  Large  crack  passing  through  the  bolt-hole  near  the  indent 
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and  extending  round  it  in  diameter  12  in.,  plate  much  bent ;  the 
bolt-hole  evidently  weakened  the  plate. 

23.  Hit  top  of  granite. 

24.  Hit  2^in.  plate  4  in.  .from  the  edge;  the  plate  much 
cracked  within  and  round  the  indent,  in  area  8  by  10  in. 

25.  Miss,  short,  and  ricochet  on  to  bottom  of  plate. 

26.  Hit  lower  left  plate  (2^-in.)  near  left-centre  bolt,  bulged 
the  plate  into  masonry  in  area  6  in.  by  7  in. ;  two  cracks  firom  the 
bolt-hole. 

27.  Hit  close  to  No.  25  at  bottom  of  3-in.  plate,  2  in.  from  a 
bolt ;  drove  a  piece  12  in.  by  5  in.  into  the  masonry  4  in.  deep. 

28.  Struck  300  yds.  short  and  over  target. 

29.  Miss;  short. 

30.  31,  32.  Hit  lower  3|-in.  plate ;  damage  very  slight 

33.  Struck  300  yds.  short ;  hit  top  of  2-in.  plate  over  top  right- 
hand  bolt ;  diameter  of  indent,  9  in. ;  the  comer  of  the  plate 
buckled  up  1^  in. ;  masonry  started  and  cracked  a  little. 

34.  Hit  at  junction  of  2-in.  and  3-in.  plates ;  depth  of  indent,  S 
in. ;  area,  7  in.  by  11  in. ;  started  masonry  ^  in.  and  cracked  the 
granite  block  on  the  top;  a  crack  from  die  bolt-hole  of  S^n. 
plate. 

35.  Missed  the  target  and  hit  Thomeycroft's  embrasure  close  to 
its  left  edge,  on  the  6th  bar  from  top ;  broke  the  bar  and  drove  it 
5  in.  into  the  opening  of  the  embrasure. 

36.  Hit  2^in.  plate,  crack  extending  from  a  bolt-hole :  a  pieoe 
of  the  plate  20  in.  by  9  in.  driven  into  the  masonry,  which  wi» 
much  shaken. 

37.  Hit  at  junction  of  2i-in.  and  2-in.  plates,  which  separated 
iin. 

38.  Hit  top  of  lower  3i-in.  plate ;  crack  through  left  upper  boh* 
hole ;  it  struck  over  No  11. 

39.  Hit  top  of  stonework. 

40.  Hit  at  the  junction  of  the  two  8f-in.  plates ;  the  plates  sep- 
arated f  in.,  crack  extending  from  bolt-hole  to  No.  32  shot-hole; 
the  bolts  not  a  bit  started. 

41.  Hit  comer  of  the  granite  and  brought  down  a  huge  pieea 


Experiments  against  Armor.  C63 

42.  Hit  lower  edge  of  2-in«  plate ;  ^hot  broke  up  and  remained 
in  the  hole  5  in«  in  masonry. 

Mat  16,  IMh 

43.  Struck  bottom  comer  of  2-in.  plate  on  the  top  of  the  bolt, 
broke  away  a  piece  15  in.  by  9  in.,  and  drove  it,  broken  up  with 
tlie  pie<*4ii  of  tlie  fthell,  2  ft.  into  mammry ;  struck  over  No.  42. 

44.  Struck  at  tlie  joint  of  2^-in.  platea,  broke  away  an  irregular 
hole  14  in.  by  II  in.,  ami  fon-etl  tlie  pieces  with  the  shell  1  ft.  into 
mammry ;  l«>wer  XnAi  vvrx  much  damag^l  and  bolt  bent. 

45.  Hit  junction  of  2-in.  platcM ;  sliell  bn>ke  up  an<l  driven  into 
the  uiatHmry  al>out  15  in.  deep ;  broke  away  the  left  comer  of 
kiwer  2i-in.  plate  near  last  round;  broke  off  5  in.  of  the  bolt 
whfre  hit 

4«).  Stmrk  J4>int  (»f  •'^in.  plates;  hole,  9  in.  by  13  in.;  drove 
pie(*(M,  with  piectii  of  shell,  10  in.  into  masonr}*;  plate  not  cracked, 
very  nli^htly  bent;  the  plates  hiightly  separated. 

47.  Stnirk  2}Mn.  ]»Iate  near  left  edge  over  No.  24,  bn»ke  away 
a  piece  2  ft.  by  9  in.,  and  drove  it  in  pie«'(*fs  with  pieces  of  hhell, 
1  ft.  into  niiuMMiry :  plate  much  bent,  no  cnu'ks. 

4n  Hit  joint  of  Sj-in.  plates  over  the  e^i-jniunder  No.  8ft;  two 
largi*  cnu^kn  extending  thnaigh  ImiU  hoK*s  in  a  circtilar  dire<*tion 
right  fM'n»M  the  plate;  another  eirrular  iTack  on  lower  plate 
through  the  i>«>rt  hole;  did  not  ]ienetrat4*. 

49.  Hit  centre  of  lowt*r  3)-in.  plate;  btartinl  a  Udt  1  in;  plate 
very  slightly  lM*nt ;  depth  of  indent  v«*ry  Muall  indeed;  plate  not 
dam:i<rc4l  at  all;  a  gn^ut  deal  of  niaMinry  shaken  down  fn»m  t4»p. 

50.  Hit  near  the  h;ime  pla«*e;  plate  a  very  little  huckhnl,  and 
cr:ii*kiH|  ac*n»^;  tlie  \h*\u  AttMMl  well,  the  plat4»  lieing  forced  Imck 
on  tliein  ;  the  cra4*k  paw^nl  tlin»ngh  a  boIt-h(»le. 

51.  Hit  centre  of  .Tin.  plate;  depth,  3^  in. ;  large  circular  crack 
r>Mitiil  iinlent;  diameter  of  cnu*k,  14  in. 

:*J.  Stnick  lower  .'»Jifi.  plate,  broke  away  the  U]»]H*r  half  of  the 
I(»uer  |»Iiite,  e\cf«pt  a  Hmiill  comer  near  left  if>p  lM>It;  right  top 
UAt  br«»ken;  the  piw-e  cracki^l  thron;^h,  and  much  biicklc<L 

«%3.   Hit  on  the  cxim^mhI  part  of  ma^mry,  on  the  placx*  where  the 
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piece  of  plate  feU  off.    Penetration  2^  ft.  to  ahot ;  masonry  mnch 
broken  ;  shot  not  broken. 

54.  Hit  ju8t  at  edge  of  hole  made  by  No.  5 ;  fihot  broke  np ; 
increased  the  hole  by  a  circle  9  in.  in  diameter. 

55.  Hit  SHn.  plate  at  edge  of  hole  made  by  No.  5,  increasing 
hole  by  a  circular  hole  9  in.  in  diameter ;  plates  much  separated  ; 
brickwork  powdered  to  a  depth  of  14  in. ;  bolts  near  a  little  bent. 

5r>.  Hit  Thomeycroft  embrasure;  depth  of  indent,  1}  in. ;  no 
damage  done ;  diameter  of  indent,  9  in. ;  no  cracks  at  all  visible. 

57.  Hit  near  No.  3 ;  passed  throu£!:h  the  plate,  and  burst  behind 
the  plate,  breaking  away  a  iai^  piece,  making  3  and  2  into  one 
hole ;  masonry  much  damaged  behind. 

5S.  Shell  struck  near  top  of  3^in.  plate ;  broke  away  a  pieee  9 
in.  in  diameter. 

59.  Hit  at  junction  of  2-in.  and  2^in.  plates  between  Nob.  2 
and  3,  and  near  No.  15 ;  damaged  the  masonry  very  mnch ;  the 
effect  on  the  plate  could  not  be  seen,  as  it  was  so  damaged  by  pre- 
vious sliot. 

60.  Struck  where  the  S^in.  plate  was  broken  away ;  broke  off 
one  bolt,  and  crumbled  away  the  brickwork  to  a  depth  of  3  ft. 

61.  Hit  lower  3-in.  plate  al>out  the  middle;  blew  away  half  the 
plate,  starting  and  bending  all  the  bolts  near,  and  undermining 
the  whole  centre  of  the  plates. 

62.  Hit  at  top  of  2^in.  plate;  broke  away  a  laige  piece ;  under- 
mined the  plate. 

63.  Hit  in  the  hole  made  by  the  destruction  of  the  upper  part 
of  2.V-in.  and  3^-in.  lower  plates ;  increased  the  depth  of  the  hole 
in  the  masonr}' ;  the  plates  were  so  damaged  round  here  that  the 
effect  could  not  be  ascertained. 

64.  Hit  nearly  in  the  same  place  as  last,  increasing  the  breach 
in  the  masonr}'  to  a  depth  of  4  ft. ;  broke  and  bent  the  bolts  all 
around. 

65.  Hit  nearly  in  the  same  place  as  the  former  shot ;  the  plates 
and  masonry  were  s<>  damaged  that  the  effects  cannot  be  recorded. 

66.  Hit  left  lower  comer  of  upper  3-in.  plate;  bulged  in  the 
piece  2J  in. ;  plate  started  forward  ^  in. 
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67.  nit  centre  of  tai^t;  broke  awaj  a  piece  of  plate  2  ft. 
Bcjuare,  with  a  bolt  4  ft.  long  attac*bed  to  it ;  increased  the  hole  in 
brickwork. 

(>"<.  Hit  the  granite  to  the  left ;  iiplit  the  granite  block,  but  did 
little  either  damage. 

6lK  Hit  S-in.  plate,  up])er,  near  the  centre;  broke  awaj  the 
lower  half,  leaving  the  piece  supported  by  one  bolt ;  brt>ke  awaj 
and  ntarted  the  masonry  round,  and  started  the  plates  and  brought 
down  N>me  more  masonry. 

70.  Hit  the  same  place  as  last  sliot ;  increased  the  hole ;  cracked 
the  maMtiiry  behind. 

71.  lift  (*entre  of  2-in.  plato;  knocked  the  whole  iron  face  to 
pieces ;  the  few  pieces  of  plates  remaining  were  merely  hanging 
by  the  IhAu*  ;  the  railway  bars  and  masonry  behind  them  {perfectly 
secure. 

72.  Hit  the  left  on  the  granite ;  did  not  do  much  damage. 

73.  Hit  bottom  of  2'iu.  plate ;  pawed  through  it  and  1  ft.  8  in. 
into  the  uiOMinry. 

74.  Hit  at  the  bottom  among  the  debris  of  the  masonry,  and 
did  not  much  increase  the  damage. 

75.  Hit  near  cc*ntre  of  target ;  bn>kc  away  s«)me  mtire  maiitmry. 
7(».  Short  :^o  yiU, ;  hit  S-in.  lower  plate;  broke  away  a  piece  9 

in.  by  1 1  in. 

77.  Hit  againi^t  the  railway  bars,  broke  4>ne  of  them,  and  broke 
through  the  masonr}*,  driving  (»ut  a  H»lid  pi<H*c  of  brickwork  2  ft. 
Miiifire:  the  maMinry  much  nhaken  and  rrac*kt*<l  U'hind;  the  an*h 
of  enibni4«urc  cracke<l  nearly  acmsci  in  two  places;  s^ane  of  the 
bri(*k»  driven  20  ycLi.  in  rear;  the  upiK*r  {mrt  of  niMMmrr  cnu*ked 
and  f^tarte^l. 

NflS,  IsrltBcd  Ptelea.*  — ^'AUmt  tliis  time  the  qmMion  of  the 
relative  inrn»a*e  of  n^i'^tancc  givm  t4i  in>n  p1at<*^,  mlicn  inclined 
lit  \;irion*»  afiirh***,  wii'*  again  hnnight  up;  and  in  apparent  c<>ntra- 
«lictii>u  to  the  ex|M*rinicnts  at  TortMuoutlu  on  J4»m*h*s  butt,  in 
1^'!<S  there  was  ft>und  to  l>e  no  apparent  ditren*ni*e  in  the  ]Miwera 


666  Ordnance. 

of  resistance  of  f-in.,  l^-in.,  and  3-in.  plates,  whether  they  were 
placed  at  angles  of  30°,  45°,  60°,  or  vertical.  The  plates  were 
without  backing,  merely  held  on  to  a  skeleton  framework  of 
wood.  They  were  fired  at  by  the  wall  piece,  6-pounder  Aim- 
strong,  12-poTmder,  and  40-pounder,  at  ranges  of  25,  50,  and  100 
yards ;  the  bullets  of  wall  piece  were  of  steel,  flat-headed  cylin- 
drical, and  the  other  shot  of  wrought  and  cast  iron. 

"  Subsequently,  in  continuation  of  this  experiment,  two  plates 
of  wrought  iron,  placed  respectively  in  a  vertical  position,  and  at 
an  angle  of  45°,  were  tried,  each  having  a  12-inch  oak  backing, 
and  there  being  in  them  equal  weight  of  iron  for  the  same  verti- 
cal height — 

The  inclined  one  was 3^inch  thick. 

The  vertical , 4^inch  thick. 

"  They  were  fired  at  by  a  40-pounder,  at  100  yards,  and  there 
was  scarcely  any  difference;  in  each  case  a  dent  of  about  y"^  inch 
was  caused. 

"Afterwards,  a  lOO-pounder,  at  200  yards,  sent  a  hemispherical- 
headed  shot  through  the  inclined  plate,  but  it  did  not  get  through 
the  vertical ;  and  a  square-headed  100-lb,  shot  did  not  penetrate 
the  inclined  plate  so  much  as  the  hemispherical-headed  shot ;  and, 
altogether,  the  vertical  plate  may  be  said  to  have  stood  best. 
Whether  the  apparent  discrepancies  between  these  results,  and 
those  at  Portsmouth  are  to  be  accoxmted  for  by  spherical  shot 
having  been  used  in  one  case  and  elongated  in  another,  or  whether 
they  may  not  be  reconciled  in  some  other  way,  I  am  not  prepared 
to  say ;  but,  at  any  rate,  the  effects  are  worth  considering,  and  I 
think  the  experiments  should  be  carried  fttrther,  until  the  differ- 
ences are  accounted  for. 

836.  Plates  off  6i  and  4i  Indies. — "In  July,  1861,  two 
plates  of  7  ft.  X  3  ft.,  of  hammered  scrap,  unbacked,  respectively 
6^  and  4^  inches  thick,  standing  vertical,  were  fired  at,  at  400  yards 
range.'  A  cast-iron  shot,  126  lbs.,  from  Armstrong's  muzzle-load- 
ing shunt  gun,  struck  a  6i-in.  plate,  made  an  indent  of  1-9-in., 
and  cracks  were  shown  behind ;  and  another  shot  of  same  kind 
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struck  a  4i-m.  plate,  and  cracked  and  bulged  it  very  much; 
another  of  them,  and  two  110-lb.  cast-iron  shots,  quite  destroyed 
this  4^  plate ;  while  the  6^-in.  plate,  after  receiving  three  fair  shots 
from  the  126-pounder,  was  also  broken  up." 

837«  Roberto's  Target. — In  1861,  a  target  of  special  con- 
struction, provided  by  a  Mr.  Roberts,  was  tried.  "This  consisted 
of  a  mass  of  timber  and  T-plates,  protected  by  armor-plates  3  and 
4  inches  thick,  of  malleable  scrap-iron,  about  2  feet  wide,  ham- 
mered and  rolled  to  such  form  as  to  present  a  series  of  angular 
projections,  ridges,  and  furrows ;  the  apices  of  the  angles  were 
pointed  with  steel. 

"  It  was  altogether  of  too  complicated  and  costly  construction ; 
and,  although  the  armor-plates  were  of  very  good  iron,  it  was  sep- 
arated and  opened  out,  and  the  fittings  damaged,  and  ultimately 
all  destroyed  by  a  few  68-pounder  and  100-pounder  shot.** 

838.  Falrbalrn's  Ist  Target.— "Another  target,  of  a  con- 
struction proposed  by  Mr.  Fairbaim,  was  tried  about  this  time. 
It  consisted  of  rolled  plates  5  in.  thick,  attached  by  a  number  of 
If-in.  screws  to  a  i-in.  sheathing,  supported  by  wrought-iron  built- 
up  ribs  of  ^in.  plate,  12  in.  deep  and  18  in.  apart ;  the  screws  were 
7i  in.  apart,  and  tapped  for  a  depth  of  2  in.  only  into  the  back  of 
the  plate.  The  plates  themselves  stood  remarkably  well,  but  the 
tap-screws  broke  off  so  easily  that  the  armor  became  completely 
separated  from  the  rest  of  the  target,  and  so  became  useless ;  4-in. 
elm  on  face  decreased  effect." 

899.  Captain  Colen's  Cupola. — The  revolving  cupola  tried 
at  Sheemess,  in  1861,  was  a  truncated  cone  in  form,  and  was  com- 
posed of  "  massive  timber,  about  18  in.  thick,  covered  with  armor- 
plates  4^  in.  thick ;  the  internal  diameter  of  the  cupola  is  about 
12  feet,  and  the  height  about  8  feet,  inside ;  the  sides  are  inclined 
to  the  horizon  at  an  angle  of  40°.  The  gun  is  mounted  on  a  spe- 
cial carriage,  and  extends  some  feet  outside  the  port ;  the  chase 
of  the  gun  just  in  front  of  the  trunnions  rests  on  the  sill  of  the 


*  Two  68-pounder8  cracked  the  plate  and  broke  two  bolts.     A  salvo  of  three  100- 
pounders  made  a  hole  1 S  x  9  in.,  and  cracked  the  plate  across. 
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port.  The  whole  cupola  revolves  by  means  of  winches  on  a  sort 
of  turntable,  so  that  the  training  of  the  gun  is  effected  by  turning 
the  whole  apparatus ;  and  the  porthole,  therefore,  is  only  a  nar- 
row slot  long  enough  to  permit  the  gun  to  be  elevated  and 


^^  On  the  day  of  trial,  the  cupola,  as  erected  on  the  ^  Tros^,' 
was  subjected  to  very  severe  tests,  not  only  to  try  its  endurance 
under  fire,  but  also  to  test  the  working  of  the  machinery  under  all 
circumstances;  and  it  was  proved  that,  even  after  heavy  battering, 
and  with  the  vessel  heeled  over  several  d^rees,  there  was  no  diffi- 
culty or  obstacle  whatever  in  working  the  apparatus ;  on  the  con- 
trary, it  afforded  very  great  facilities  for  rapid  and  accurate  firing, 
and  for  keeping  a  moving  object  in  sight,  and  this  with  a  very 
small  complement  of  men.  A  great  number  of  shot  (nearly  100) 
were  fired  from  the  40-pounder  Armstrong  gun  in  it,  and  then  it 
received  a  few  shots  from  a  40-pounder,  and  a  great  many  blows 
(26)  from  a  lOO-pounder  at  200  yards. 

"Four  100-pounder  shot,  striking  very  near  the  same  spot, 
broke  through  into  the  cupola,  but  the  machinery  worked  as  well 
as  before. 

"  The  muzzle  of  a  cast-iron  gun,  mounted  in  the  cupola,  was 
struck  by  a  shot ;  the  gun  broke  off  a  short  distance  in  fix>nt  of 
the  trunnion,  and  a  portion  went  overboard. 

"  After  this,  a  68-pounder  was  laid  upon  it,  at  200  yards,  and 
liad  much  the  same  effect  as  the  100-pounder,  but  the  cupola  was 
never  thrown  out  of  gear ;  there  was  no  difficulty  frcnn  smoke,  and 
only  a  little  from  concussion  ;  and  altogether,  its  performance  was 
considered  highly  satisfactory. 

830.  TarloBs  Backlnffs  to  Iron  Plates, — ''After  this,  in 
order  to  test  the  various  effects  of  different  sorts  of  backing,  some 
2i-in.  wrought-iron  plates  were  fastened  respectively  to  blocks  of 
cast  iron  3  feet  thick,  to  solid  granite,  to  a  mass  of  oak  made  up 
of  timbers  10  in.  by  10  in.,  and  to  a  mass  made  of  alternate  layers 
of  fir  and  cork  and  bitumen  cork. 

"  The  results  proved  the  immense  superiority  of  a  massive  rigid 
over  an  elastic  backing,  both  as  regards  the  plates  themselves 
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and  also  as  regards  the  fastenings.*    The  40-pounder  service  shot, 
at  300  yards,  did  little  or  no  damage  to  the  plates  backed  by 
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Section  of  the  Warnor's  aide. 

granite  and  cast  iron,  but  went  clean  through  the  plates  backed 
bj  oak  and  fir,  and  did  great  damage  to  it. 

'*  A  100-pounder  cracked  a 
plate  backed  by  cast  iron,  and 
the  cast  iron  also,  but  did  lit- 
tle damage." 

831.  Warrior  Target. — 
"  Later  in  the  year  (1861),  a 
target,  representing  a  piece 
of  the  'WarriorV  side,  was 
fired  at  by  68-pounder,  100- 
pounder,  and  120-pounder. 
It  measured  20  feet  by  10 
feet,  and  had  a  porthole  in 
the  centre,  and  was  struck  by 
13  solid  shot,  besides  6  experi- 
mental 200-lb.  shot,  thrown 
with  a  reduced  charge  from  a 
100-pounder  gun,  and  by  10 
shells. 


*  In  this  experiment  there  were  four  Section  of  the  Warrior  target 

plates,  4  X  2  ft.  X  2|  in. 

The  badcing  of  the  first  was  cork  and  kamptulicon.    The  plate  was  smashed  like  glass. 

The  backing  of  the  second  plate  was  oak.     The  plate  was  badly  broken,  and  the 
shot  lodged  in  the  oak. 

The  third  plate  was  backed  by  granite.    The  indentation  of  the  shot  was  f  in.,  and 
the  plate  was  not  cracked. 

The  fourth  plate  was  backed  by  a  block  of  cast  iron,  and  no  injury  was  done  by  the 
shot,  except  a  small  indentation. 

The  other  advantages  of  wood  backing,  for  nayal  purposes  especially,  have  been 
mentioned.    (199,  note.) 
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-  '^  The  result  was,  tliat  although  the  armor-plateB  were  more  cr 
leas  cracked  and  indented,  and  deflected  especiallj  where  12  ehote 
(of  which  one  was  a  steel  100-lb.  shot)  struck  a  plate  within  aa 
area  of  4^  square  feet,  the  back  of  the  target,  agreeing  with  the 
ribs  and  sheathing  of  the  ship,  were  not  at  all  injured.'*    (TaUe 
121.) 
Table  121  is  the  o£Scial  account  of  this  experiment 
The  target  was  ^'exactly  similar"  to  a  midship  section  of  the 
Warrior :  length,  20  ft. ;  height,  10  ft. ;  with  a  porthole  in  the 
centre. 

This  target  was  strongly  supported  by  timber,  at  the  same  angle 
as  the  side  of  the  ship,  and  was  fired  at  with  the  following  guos. 
Range,  200  yards:— 

One  lao-pdr.  musde-loading  ihunt  gun.  I    One  68-pdr.  95  cwt.  gwu 

Three  loo-pdr.  breech-loading  Armstrong  guns.  |    One  68-pdr.  ii»  cwt.  gva. 

The  following  shot  and  shell  struck  the  taiget : — 
From  120-pounder  gun. 

Solid  ihot %\  weighty  140  Ibt.  Mch. 

From  100-pounder  guns, 

Solid  shot 6;  weight,  1 10  lbs.  each.  I  Solid  shoe.....  6)  weight,  100  Ibt.  each. 

Shell  6;  weight,  I04lbs.  each.  |  Solid  shot.....  I;  stseL 

From  68-pounder  guns, 

Solid  shot 4;  weight,  66^  lbs.  each.  |  Shells... ..••••••  4)  weight,  49!  lbs.  cKh. 

Results. — ^Wabbiob  Tabgkt.  (Table  121.)— 1.  Hit  on  upper 
plate;  made  very  slight  indent;  opened  the  plate  f  in. 

2,  8.  Hit  close  together  on  the  centre  left  plate ;  made  a  small 
crack  5  in.  in  length. 

4.  Hit  on  upper  plate,  7  in.  from  the  edge ;  opened  the  plates 
\  in.,  and  started  two  bolts  very  slightly. 

5.  Hit  centre  of  left-middle  plate,  3^  ft.  from  port,  7  in.  from  a 
bolt,  which  it  drew  \  in. ;  broke  the  two  bolts  doae  to  the  port 
and  buckled  the  plate  f  in. 

6.  Hit  on  junction  of  lower  and  centre  plate ;  did  no  damage. 
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Tabls  CXXL— (OfnmKUSD.) 


i 


»5 
26 

»9 


Hstnre  of  Ordimm. 


too- pounder., 


68 -pounder., 


lOO-pounder.. 


14 


16 


Nature  of  Pn^eetUe. 


i 
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•olid  thoc 


•teel  jacket-dioc, 
flat  headed. 
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7.  Hit  upper  plate ;  did  no  damage. 

8.  Hit  centre  plate ;  did  no  damage. 

9.  Hit  on  npper  plate  over  No.  1 ;  tore  up  4  ft.  of  tongue  and 
groove,  and  cracked  the  plate  in  two  places;  cracks  7  in.  long; 
drew  the  bolt  f  in. 

10.  Hit  on  centre  plate ;  cracked  it  in  four  places ;  the  cracb 
very  small. 

11.  Hit  on  right-hand  comer  of  the  top  plate;  plate  deflected 
If  in. ;  the  bolt,  however,  only  stretched,  and  did  not  break.  The 
right  rib  was  very  slightly  bent. 

12.  13,  14.  Hit  close  together;  made  a  small  crack  across  one 
indent;  the  plate  driven  back  on  a  bolt  1  in.  The  plate  now 
deflects  nearly  2  in. 

15.  Hit  18  in.  from  the  three  lOO-ponnders ;  one  crack  7  in. 
long  near  the  indent ;  two  bolts  broken  near  the  porthole.  The 
centre  riglit  plate  deflected  1*2  in. 

16,  17,  IS.  Indent  too  small  to  be  measured;  no  damage  appa- 
rent.    The  three  shots  hit  close  together. 

19,  20,  21.  These  three  shots  were  fired  in  salvo.  Struck  cloec 
together  on  the  right-centre  plate ;  the  indent  on  plate  very  slight 
indeed.  The  plate  buckled  forward  f  in.  more.  The  tongue  and 
groove  broken  for  2J  ft. 

22.  Hit  near  the  porthole,  and  buckled  the  plate  \  in. 

23,  24,  25,  26,  27,  28.  Fired  in  salvo  three  lOO-pounders.    Hit 
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close  together  2^  ft.  from  the  porthole ;  broke  a  hole  1^  ft.  by  9  in. ; 
one  large  crack  extended  acrosB  the  plate,  two  other  smaller  ones 
near  it ;  12Q-poTmder  hit  on  the  junction  of  the  centre  and  lower 
plates ;  made  an  indent  4^  in.  deep,  9f  in  diameter ;  broke  the 
tongde  and  groove,  and  buckled  the  plate  IJ  in.  forward.  One 
68-pounder  missed  the  target ;  the  other  struck  the  lower  plate  on 
the  left;  made  an  indent  2  in.  deep,  8^  in.  in  diameter.  The 
back  of  the  target  was  not  at  all  damaged;  not  a  bolt  or  rivet 
displaced. 

29.  Hit  the  middle  of  the  left-centre  plate 
on  top  of  a  bolt ;  drove  it  nearly  out  at  the 
back ;  the  bolt  was  bent,  but  the  nuts  did  not 
move ;  eleven  shots  had  previously  struck  the 
plate  in  a  space  3  ft.  by  1^  ft.,  viz. : — 

Three  200-lb.  solid  shots;  three  100-lb.  solid 
shots;  three  lOO-lb.  shells;  two  68-lb.  shells. 

833.  Hawkstaaw's  6-Incli  and  lO-Incta 
laminated  Shields.*— '^  Since  this  (m  1861), 
two  targets,  proposed  by  Mr.  Hawkshaw, 
have  been  tried;  the  one  was  6  in.  thick,  com- 
posed of  a  number  of  thicknesses ;  the  front 
layer  was  1^  in.,  and  the  rest  made  up  of 
seven  |-in.  boiler-plates,  held  together  by  al- 
ternate rivets  and  screws,  8^  in.  from  centre 
to  centre,  all  over  the  target;  the  rivets  had 
counter-sunk  heads  in  the  front. 

"The  other  was  10  in.  (Fig.  380),  made  up 
of  one  2-in.  and  thirteen  f-in.  plates,  held  to- 
gether much  as  before.  The  weakness  of  a 
number  of  thin  plates,  as  compared  with  a 
solid  mass,  was  here  very  apparent;  the  6-in.  target  was  deeply 
dented  by  a  40-pounder,  at  100  yards,  and  both  68-pounder  and 
100-pounder,  at  200  yards,  went  clean  through,  breaking  off  many 
of  the  rivet  heads. 


The  Hawkshaw  10-inch 
target. 


*  Captain  Inglis's  aooount,  continued. 
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"  The  10-in.  tai^et  was  bulged  in  very  much  by  the  lOO-pounder 
and  68-poimder,  and  broke  seyeral  thicknesBes  of  the  f-in.  plates 
at  the  back;  the  68-poimder  had  rather  more  effect  tfaaii  the 
100-pounder." 

833«  Warrior  Target ;  lO^Incli  «< Alltad»  en.— In  NoTem- 
ber,  1861,  at  Liverpool,  a  140-lb.  spherical  shot  was  fired  with 
20  lbs.  of  powder  at  a  tai^t  representing  the  side  of  the  Warrior — 
range,  210  yards.  This  shot  neither  punched  nor  smashed  the 
target,  but  indented  the  plate  3  in.,  and  drove  the  whole  taiget 
out  of  place  and  overturned  it.  A  similar  shot  with  30  Ibe.  of 
powder  broke  the  plate  and  indented  it  6  in.,  splintering  the 
teak. 

8S4.  GonelnsioBs  op  to  18M. — The  summaiy  of  ezperinMDta, 
and  the  conclusions  drawn  therefrom,  are  thus  stated  by  Captain 
Inglis  in  the  paper  quoted : — 

'^  I  shall  now,  as  briefly  as  I  can,  sum  up  the  resistanoe  offered 
by  each  thickness  of  plate  experimented  on. 

^  and  f-inch. — Both  hollow  and  solid  shot  pass  through  without 
breaking. 

^inch. — Hollow  shot  pass  through,  but  are  generally  biokeo  up. 
Orape  pass  through,  but  not  canister. 

f-inch. — Solid  shot  break  up  in  passing  through. 

}-inch. — ^Wall  piece,  throwing  5foz.  ball,  with  chaige  of  10 
drams,  at  25  yards,  not  always  through. 

1-inch. — ^Proof  against  same  wall  piece ;  indent,  i  in. 

l^inch. — 6-pounder  Armstrong,  at  50  yards,  not  through* 

2-inch. — 12-pounder  Armstrong,  at  100  yards,  not  through: 
indent  1  in.  to  1^  in. 

2-inch  (oak  backing). — 80-pounder  shell,  fiUed  with  sand,  paosed 
through,  at  400  yards. 

2-inch  (brick  backing). — 12-pounder  Armstrong,  at  600  yarda* 
resisted. 

Ditto. — ^25-pounder  Armstrong,  at  600  yards,  jost  penetrated* 

2i-inch. — 25-pounder  Armstrong,  at  100  yards^  not  through. 

2|-inch  (oak  backing). — 8-in.  shell,  at  400  yards,  not  through. 

Ditto. — 80-pounder  steel  and  cast-iron  shot,  through. 
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31-inch  (brick  backing). 

— 25-pounder  Armstrong, 

at  600  yards. 

not  throngh. 

• 

Sfincli 
(cast-iron  backing) 

12-poander 

at  200 

indent. 

Armstrong, 

yards, 

*5    inches. 

Ditto, 

40-poander, 

(( 

•9       « 

Ditto, 

100-ponnder, 

a 

1-75     « 

2f-inch              1 
(granite  backing)     I 

12-poander 
Armstrong 

a 

•KK      a 

09 

Ditto, 

ii 

u 

•6       « 

2J-inch              ) 
(oak  backing)         ) 

IS-poonder 

(i 

•«5     « 

Ditto, 

40- pounder 

a 

throngh. 

2finch 
(fir  and  cork  backing) 

12-poander 

u 

-6 

Ditto, 

40-ponnder 

u 

throngL 

3-inch. — 40-ponnder  Armstrong,  100  yards,  not  throngh. 

3-inch. — Two  78-pounder  shell  filled  with  sand,  at  400  yards, 
passed  throngh. 

3'inch. — Two  78-ponnder  shell  filled  with  sand,  at  400  yards, 
just  resisted. 

3-inch  (brick  backing). — 40-pounder  Armstrong,  600  yards, 
passed  through. 

Ditto. — 68-ponnder,  penetrated. 

Ditto. — 100-pounder  shell,  at  600  yards,  penetrated. 

S^-inch  (brick  backing). — 40-pounder  Armstrong,  at  600  yards, 
no  effect. 

3*94-inch.— Besisted  14  shots  of  30  lbs.  (English  32*4  lbs.),  at 
300  metres  in  a  square  metre,  or  lOf  square  feet  English. 

4-inch. — 68-pounder,  did  not  penetrate. 

4-inch. — ^72-lb.  shot,  just  penetrated. 

4-inch. — ^Hollow  and  red  hot  shot,  litde  impression. 

4-inch. — 32-pounder,  at  100  yards,  sunk  deep,  but  not  throngh. 

4-inch,  on  Alfred. — ^Whitworth  68-pounder,  at  350  to  450  yards, 
indent,  f  in. ;  bulge.  If  in. 

Ditto. — Same  gun,  wrought-iron  shot,  through,  and  penetrated 
7  in.  in  oak. 
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4-inch  (+6  inches  oak  and  f  iron,  Er^nu). — 68-poimder,  at  400 
yards,  penetrated,  and  did  great  execution  inboard. 

4-inch  (on  oak  ship  Meteor). — 32-ponnder  and  68-ponDder,  at 
400  yards  and  300  yards,  no  damage  inboard. 

4-inch  (24  )      .^  .      (  at  600 )  indented    with  caat-iioD 

inches  oak),  t     «8-P<>™<i^'>  \  yards,  f  V  to  2-3-  shot 

Ditto,  «  «      2-2"  to  2-8"  "  wrought  da 

Ditto,  "     400     «  2-2"  "  cast  do. 

Ditto,  «  "  3"      "  wrought  dou 

Ditto,  "      600      "  would  ultimately  dertroj. 

One  68-pounder  does  as  ranch  damage  as  five  33-pounderB. 

4-inch  (2  feet  1  inch  oak.  Trusty). — ^72-pounder  cast-iron  ahoC, 
at  400  yards,  broke  plate  but  not  scantling. 

Ditto. — 72-pounder,  homogeneous  iron,  fairly  througL 

Ditto. — 100-pounder  cast-iron  shot,  at  200  yards,  did  not  pene^ 
trate. 

Ditto. — 78-pounder  homogeneous  shot,  through,  and  10  in. 
oak. 

Ditto. — 100-pounder  homogeneous  shot,  at  lower  veloeityy  laige 
fracture. 

4^inch  \  32-pounder,  at  360  yards ;  indent,  2  in. 
+      >  68-pounder,  at  1250  yards ;  indent,  1^  in. 

4-in.  fir  '  "  "    400  yards ;  indent,  2i  in. 

Several  shot  together  injured  the  plates  very  much. 

4^  inch,  on  timber. — 80-pounder  homogeneous  flat-headed  ahot 
punched  a  hole,  and  3  in.  into  timber. 

4|-inch,  on  timber. — Three  68-pounder  shot  doae  togetber, 
broke  up  a  plate. 

4|-inch,  Jones's  angular  butt. — Took   17  blows  from  a  68> 
pounder,  at  200  yards,  and  then  the  iron  was  not  penetrated. 

4i-inch. — 126-pounder,  at    400    yards,   cracked    and  bulged 
much. 

4|.inch.— Two  110  lb.  cast-iron  and  two  126  lb.,  at  400  yarda. 
quite  destroyed. 

4|-inch,  on  Warrior.— More  or  lees  cracked  by  68,  100,  and 
120-pounder8,  but  ribs  and  inner  skin  uninjured. 
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68-po!indery  indented  1*5 

100      "  "        1-3  to  1-9 

120      «  «        31 

4^inch,  on  timber. — Considered  protection  against  68-ponnder8, 
at  1200  yards ;  bnt  68-pounderB,  at  400  yards,  indented  2*75  in. 

Ditto. — Considered  protection  against  32-ponnder8   and  8-in. 
hollow  shot,  at  400  yards ;  32-pounder  indented  1^  to  If  in. 

Ditto. — Three  32'ponnder6  striking  near  each  other  will  break 
it  np. 

5-inch  plate,]    68-ponnder  shell,  at  200  yards,  indented  1-25. 

on  iron  68-pounder  shot,  "  "        2*00. 

sheathing  &  ^100  "  "  "        1-75. 

ribs.        J  120  "  "  "        2-25. 

5i-inch. — ^Resisted  18  shot  of  30  pounds  (English,  32-4)  in  a 

square  metre  (lOf  feet  square),  at  300  metres  range. 

&|-inch. — 126-pounder  cast-iron  shot,  at  400  yards,  indented  1*9. 
"  "  '*  a  few  shots  broke  it  up. 


8-inch,  supported  by 
cast-iron 
and  granite. 


68-pr.  cast-iron  shot,  at  600 yds.,  indented  1*25 

"  wrought-iron  shot  600  "       broke  it  up. 

"  As,  without  knowing  the  velocity  of  the  several  shot  here 
mentioned  at  the  time  of  impact,  it  will  be  impossible  to  make 
a  comparison  of  the  resistance  offered  in  these  experiments,  I 
have  drawn  up  a  brief  abstract  of  the  initial  velocities  of  all 
the  guns  in  the  service.* 

8SS.  ''Now  I  do  not  know  whether  it  is  possible  to  draw  from 
all  this  any  universal  rules.  I  have  not  done  so  myself,  but 
others  may ;  but,  at  any  rate,  some  general  practical  laws  may 
be  laid  down  from  them,  such  as : 

"1st.  Good  tough  wrought  iron  of  high  elasticity,  but  not 
necessarily  of  the  highest  ultimate  tensile  strength,  is  the  best 
material  for  use  in  iron  defences. 


*See  Table  112,  of  initial  Telodties,  which  embraoes  the  one  given  by  Captain 
Inglia. 
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'^  2d.  Boiled  iron,  althoo^  not  perhaps  equal  in  resistance  to 
the  best  hammered  iron,  has  such  great  advantages  as  to  cost,  if 
used  in  simple  forms,  as  to  justify  its  use  where  lightness  is  not 
of  extreme  importance. 

^^  3d.  Cast  iron  and  steel,  as  at  present  manufactured,  are  too 
brittle ;  the  former  can  only  be  thought  of  as  backings  or  where 
weight  is  wanted. 

'^  4tL  In  plates  or  bars  of  ordinary  dimensions  the  reaistances 
to  cannon-shot  vary  in  a  proportion  approximating  that  of  the 
squares  of  the  thicknesses  of  the  plates  or  bars. 

^^  5th.  Higid  backing  is  immensely  superior  to  elastic  backing, 
so  far  as  the  endurance  of  the  front  facing  is  ccmcemed,  but  the 
elastic  backing  deadens  the  effect  of  a  blow  upon  any  structure 
behind. 

^'6th.  The  larger  the  masses  and  the  fewer  the  joints  the 
stronger  the  structure,  so  long  as  the  limits  of  uniform  and  perfect 
manufacture  are  observed. 

^^  Tlie  slight  advantages  gained  by  inclining  the  surfaces  do  not 
compensate  for  the  extra  difficulty  and  expense  in  construction 
involved,  except  in  a  few  instances. 

"  7th.  That  revolving  iron  shields  are  practicable  and  safe." 

836,  Captain  Dyer,  in  his  paper  before  quoted,  thus  sums  up 
the  same  experiments. 

"  These  preliminary  experiments  determined  the  following 
points : 

"  1.  That  steely  iron,  commonly  known  as  homogeneous  iron, 
puddled  steel,  &c.,  when  in  large  masses,  is  inapplicable  for  de- 
fensive purposes ;  although  in  the  thiimer  plates  this  metal  offered 
great  comparative  resistance,  it  became  brittle  when  in  large 
masses,  and  readily  cracked  when  struck  by  a  shot. 

^^2.  That  plates  of  a  hard  crystalline  structure  are  inferior  to 
those  of  a  soft  fibrous  nature. 

"  3.  That  the  great  fault  and  primary  cause  of  weakness  in  all 
foiled  plates  is  unsoundness  in  welding  the  different  piles  of 
which  the  plate  is  composed.  This  defect  was  invariable  in  all 
(except  the  homogeneous  iron  plates) ;  it  was  more  apparent  in 
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the  rolled  than  in  the  hammered  plates,  but  this  was  compensated 
for  bj  the  hammered  plates  being  harder  and  more  crystalline 
than  those  forged  under  the  rolls ;  and  this  led  to  the  conclusion 
that  there  is  but  little  choice  between  the  two  processes,  if  both 
are  properly  worked  out  with  efficient  machinery. 

"4.  That  the  qualities  necessary  in  an  armor-plate  are  softness 
combined  with  toughness,  or  better  expressed  by  the  word  duc- 
tility. Apparently,  the  purer  and  better  the  iron  is,  the  more 
this  quality  is  perceptible;  any  impurity  or  alloy  appears  to 
harden  the  metal  and  produce  brittleness.  The  presence  of  either 
sulphur  or  phosphorus  in  the  fuel  is  specially  to  be  guarded 
against,  as  productive  of  red  shortness  and  cold  shortness  in  the 
iron.  The  presence  of  more  than  0*2  per  cent,  of  carbon  in 
armor-plates  also  appears  highly  prejudicial." 

837.  SteTent'a  Inclined  ruminated  Armor. — On  the  4th  of 
January,  1862,  Mr.  Stevens,  of  Hoboken,  fired  at  a  section  of  the 
armor  at  that  time  proposed  for  the  Si&vens  BcUtery,  The  follow- 
ing is  the  official  report  of  the  experiment: — ^'A  10-in.  gun, 
procured  from  the  Navy  Department,  weighing  9883  lbs.,  was 
mounted  with  India-rubber  buffers  behind  the  trunnions.  The 
gun  was  loaded  with  a  full  service  charge,  11  lbs.  of  powder,  and 
a  solid  spherical  ball  weighing  124  lbs.,  and  was  fired  at  a  target 
exactly  representing  a  section  of  the  armor  of  the  Battery^  and 
anchored  in  the  river,  220  yards  from  the  gun. 

"The  target  was  composed  of  layers  of  plate-iron,  from  |  to 
2  in.  thick,  making  6f  in.  in  all.  It  was  4  ft.  broad,  8  ft.  long,  and 
set  at  an  angle  of  27^°  with  the  horizon.  The  iron  was  backed 
with  two  layers  of  locust  timber  7  in.  thick  each.  In  the  lower 
layer  were  imbedded  wrought-iron  beams  6  in.  high,  4  ft.  apart 
and  2  ft.  apart,  weighing  46  lbs.  to  the  yard.  Beneath  the  wood 
was  a  ^in.  iron  plate ;  making  the  entire  thickness  21^  in.*  The 
upper  and  lower  plates  were  fastened  to  the  wood  by  wood  screws 
15  in.  apart,  and  the  side  edges  of  the  upper  plates  were  battened 
by  iron  1  in.  thick  and  3  in.  wide,  and  riveted  together.     This 

*  This  backing  somewhat  resembles  that  of  the  Chalmers  and  Bellerophon  targets 
— the  best  English  backing. 
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target  rested  on  a  raft,  so  as  to  have  no  support  except  at  the 
edges;  the  lower  part  of  it  was  18  in.  under  water. 

"  After  a  few  experimental  shots  the  gun  was  pointed  at  the 
target,  and  the  1st  shot  struck  it  21  in.  above  the  water  and 
within  9  in.  of  the  right  edge  of  the  target.  Its  effect  was  to 
make  an  indentation  and  depression,  which  together  were  Iff  in. 
deep  in  the  deepest  place,  and  which  ran  out  to  the  surface  or 
diminished  to  nothing  in  a  distance  of  13  in.,  measured  on  the 
line  of  flight,  without  cracking  any  of  the  plates.  The  2d  shot 
passed  to  the  right  of  the  target,  and  the  3d  went  over  it.  The 
4th  shot  struck  the  target  on  the  left  side,  13  in.  from  the  edge 
and  11  in.  above  the  water,  with  the  same  effect  as  that  of  the  1st 
shot,  except  that  the  depression  was  If  in.  deep.  The  figure  of 
this  indentation  was  similar  to  that  of  the  first.  The  recoil  of  the 
gun  was  7i  in.,  and  did  no  injury  to  the  carri^ige  or  buffers.* 

"A  Parrott  rifled  gun,  having  a  6*4  in.  bore,  and  weighing 
about  9300  lbs.,  was  then  fired  at  the  target,  with  10  lbs.  of  pow- 
der, and  an  elongated  shot  weighing  100  lbs.  Several  of  these 
shots  were  fired,  and  one  struck  the  target  4  ft.  6  in.  from  the 
water,  and  6  in.  from  the  right  side,  making  a  depression  1  in. 
deep,  and  running  out  to  the  surface  at  a -distance  of  8  in.,  with- 
out doing  other  injury  to  the  plates.  This  shot  grazed  the  edge 
of  the  batten,  upsetting  the  comer  to  the  depth  of  i  in." 

838«  ExperlmenU  against  the  *^  Committee  Target,'' 
ISareli  4,  1863.— (See  Tables  122  and  124.)— This  target  (20  x  10 
ft.)  was  composed  of  two  plates  20  ft.  x  3  ft.  4  in.  x  4^  in.,  and  two 
plates  of  9  ft.  X  3  ft.  4  in.  X  4J  in.,  the  upper  and  lower  of  which 


*  "  This  gun  was  loaded  by  steam  power,  the  muzzle  being  depressed  so  as  to  bring 
the  bore  parallel  with  a  steam-cylinder  situated  below  a  platform  made  to  represent 
the  deck  of  the  Battery.  The  platform  was  composed  of  white-pine  planks  2^  in.  thick, 
resting  on  pine  beams  5  in.  square  and  2  ft.  apart,  from  centre  to  centre,  and  calked 
and  pitched  in  the  usual  manner.  The  piston-rod  of  this  steam-cylinder  was  the  ram- 
rod of  the  gun.  Upon  the  upper  end  of  this  ramrod  was  a  swab,  which  also  an- 
swered the  purpose  of  a  rammer.  The  cartridge  and  ball  were  attached  to  a  aabai  and 
}}laoed  on  a  scoop  arranged  so  as  to  lift  the  ball  up  to  its  proper  position  between  the 
rammer  and  the  muzzle  of  the  gun,  when,  steam  being  admitted  to  the  cylinder,  the 
ball  was  forced  home.  The  gun  was  then  elevated  and  fired."  (See  chapter  on 
"  Breech-Loading.") 
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were  secured  by  fifteen  2-in.  bolts,  and  the  two  centre  by 
eight  2-in.  bolts  each.  The  plates  were  fastened  to  1-in.  plates, 
which  latter  formed  the  skin  of  the  ship,  which  was  supported  by 
ribs  18  in.  deep  and  18  in.  apart,  made  of  ^in.  plates,  secured  by 
angle-irons  4  in.  x  4  in.  x  f  in. ;  the  backs  of  the  ribs  were  secured 
by  four  strips  of  plate  12  in.  x  i  in. ;  strips  10  ft.  x  9  in.  x  f  in.  were 
placed  behind  the  skin  along  each  line  of  bolts.  The  plates  were 
rolled  by  Messrs.  John  Brown  &  Co.,  Sheffield. 

The  object  of  the  experiment  was  to  determine  whether  wooden 
backing  can  be  dispensed  with.  The  "  Committee  target"  was, 
therefore,  constructed  with  the  view  of  comparison  with  the 
Warrior  target. 

« Committee  target:**  area,  200  tqaare  feet;  weight,  31  tons. 

"  Warrior  target  :**  area,  100  square  feet ;  weight,  31  tons  9  cwt.  3  qrs. 

The  guns  used  were  the  same  as  against  theTFarrt^  target, 
viz.: — 

One  lao-pdr.  mnzsle-loading  shunt  gun.  I    One  68-pdr.  95  cwt.  gun. 

Three  loo-pdr.  breech-loading  Armstrong  guns.  |    One  6S-pdr.  112  cwt.  gun. 

Bange,  200  yards. 

The  following  shot  and  shell  struck  the  target : — 

From  120-pounder  gun, 

Solid  shot \\  weight,  ifolbs 

From  100-pounder  guns. 

Solid  shot 3s  weight,  i  lO  lbs.  each.    |      Shell 6;  weight,  104  lbs.  each. 

Solid  shot 3;  weight,  200  lbs.  each. 

From  68-pounder  guns, 

Solid  shot i;  weight,  66^  lbs.  each.  |      Shell.....  4;  weight,  49I  lbs.  each 

Kesults. — "CoMMTiTEE  TAKoirr."  (Table  122.) — 1.  Hit  centre 
plate  to  the  left  of  porthole,  about  9  in.  from  bottom  of  the  plate; 
very  slight  indent.    Diameter  of  bulge,  5  in. 

2.  Hit  left-centre  plate  18  in.  from  bottom  and  about  6  ft.  fix)m 
left ;  indent  very  slight. 

3.  Hit  left-centre  plate  about  12  in.  from  top ;  slight  indent. 
Diameter  of  bulge,  3  in. 
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Tabli  CXXIL— SzpumxNTB  AeAorsT  thb  ''OoiaaTro  TABorr.*'  MABoa4|  18tt 
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4.  Struck  left-centre  plate  17  in.  from  bottom,  and  doee  to  Nik 
2  round.    Diameter  of  bulge,  8  in. 

5.  Hit  left-centre  plate  about  18  in.  from  bottom,  and  cloteU> 
the  4th  round.     Diameter  of  bulge,  9^  in. 

At  the  conclusion  of  the  5th  round,  the  target  was  imspeeted 
The  left-centre  plate  had  buckled  }  of  an  in. ;  two  bolt«  in  bottom 
plate,  and  two  in  centre  plate,  and  one  in  top  plate,  started,  fight 
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boltrheadB  were  broken  off;  one  rib  broken  thronghy  and  two 
riyets  of  angle-ironB  knocked  out  Two  angle-irons  broken.  The 
bolts  were  slackened  after  this  round. 

6.  Struck  on  junction  of  middle  and  upper  plate,  2  ft.  2  in.  from 
left  edge  of  target    The  middle  plate  started  forward. 

7.  Struck  2  ft.  5  in.  from  left  edge  of  target,  faking  an  indent 
7  in.  in  diameter. 

8.  Struck  about  6  in.  from  top  edge  of  the  target  near  the  bolt 
over  porthole. 

9.  Struck  middle  plate  on  left  of  port,  and  2  ft.  from  it.  Diam- 
eter of  indent,  10  in.    Bolt  just  aboye  indent  started. 

10.  Struck  on  junction  of  middle  and  upper  plate,  16  in.  from 
port    Diameter  of  indent,  9^. 

The  target  was  carefully  examined  after  the  10th  round,  and  it 
was  found  that  all  the  bolts  in  the  middle  plate  on  the  left  of  the 
target  were  broken,  except  the  two  nearest  the  port.  The  buck- 
ling was  1*7  in.  at  the  left  edge  of  the  plate.  The  top  plate  had 
also  started  forward  0*4  in.  at  edge  of  target.  At  the  back,  the 
inner  angle-iron  by  port  on  left  side  and  one  rib  were  broken,  two 
rivets  driven  out,  and  several  started.  The  skin  bulged.  No 
cracks  visible  on  any  of  the  indents. 

11.  Struck  junction  of  right-centre  plate  with  top  plate,  at 
about  3  ft.  10  in.  from  port. 

12.  Struck  the  bottom  of  upper  plate  close  to  No.  11  rotmd. 

13.  Struck  centre  of  right-centre  plate. 

14.  Hit  target  close  to  12  and  13  shots,  and  went  clean  through 
the  target,  carrying  a  large  piece  of  the  plate,  part  of  the  rib  (on 
which  the  shot  struck),  and  pieces  of  angle-iron  10  or  12  yards  to 
the  rear.  The  fracture  measured  in  front  of  the  target  1  ft.  by  7 
in.  on  the  middle  plate,  and  5  in.  by  8  in.  on  the  upper  plate. 
There  was  also  a  curved  crack,  14  in.  long,  round  the  edge  of  the 
bulge,  and  through  a  bolt-hole. 

15.  This  shot  struck  within  5  in.  (from  centre  to  centre  of 
indent)  of  the  13th  round.  The  middle  plate  was  bent  back  1*6 
in.  at  its  lower  edge.  One  bolt  was  knocked  out  and  two  started. 
Middle  plate  started  forward  at  right  edge  of  target  0*65  in.,  and 
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the  uppei*  plate  siinilarlj  0*2  in.  At  the  back  of  the  target  &sv&l 
bolt-heads  broken  and  one  rivet.  Two  ribs  broken  through,  and 
several  rivets  of  angle-irons  started. 

16,  17,  18.  These  three  shot  stmck  the  leflrmiddle  plate  of 
target  in  a  line,  measuring  only  16  in.  from  centre  to  centre  of 
outside  indents.  The  shot  nearest  to  the  port  was  8  in.,  and  the 
one  furthest  from,  15  in.  from  the  lower  edge  of  plate ;  the  former 
2  ft.  4  in.  from  port,  and  the  latter  only  about  4  in.  (centre  to 
centre)  from  No.  4  round. 

The  plate  bent  back  1-2  in.  at  its  lower  edge,  at  a  point  2  ft.  9 
in.  from  the  port,  and  had  started  forward  at  left  edge  6  in.  from 
skin. 

Another  angle-iron  broken,  and  only  three  bolt-heads  remain- 
ing on  left  side. 

At  the  conclusion  of  this  round,  the  taiget  was  oonsidared  so 
much  injured  that  the  experiment  was  ordered  to  cease. 

8S9«  ExpertaneBts  against  the  Warrior  an4  Coiilttoe 
Targets,  Ai^l  19,  ISM;  Range,  9#0  Yards. — ^Alterations  made 
on  Committee  target  since  the  experiments  of  March  4th,  1862. 

Uppbb  Plate. — On  the  left  half  of  this  plate,  rivets  having 
conical  heads,  had  been  substituied  for  bolts,  and  vulcanized 
india-rubber  washers  inserted  behind  the  bolt-heads  on  the  right 
half  of  the  plate ;  there  being  no  intervening  substance  between 
the  plate  and  the  skin.  This  part  of  the  target  therefore  remained 
as  iron  on  iron. 

LowEB  Plate. — One  quarter  in.  thickness  of  felt,  dipped  in  tar, 
had  been  inserted  between  the  skin  and  half  the  length  of  the 
plate  on  the  left  side,  the  fastenings  being  rivets.  On  the  right 
half  of  the  plate,  ^  in.  thickness  of  vulcanized  india-rubber  had 
been  insciled  between  the  skin  and  plate ;  bolts  having  nuts  and 
india-rubber  washers  were  used  for  fastenings.  A  few  of  the 
bolts  had  spun-yarn  instead  of  india-rubber  washers. 

Centre  Plates. — ^Tliese  plates  had  suffered  most  fit>m  the 
firing  at  the  late  experiment,  and  had  been  refastened  with  bolt» 
having  four  washers  (three  of  lead  and  one  of  iron)  under  the  bolt- 
heads  ;  they  were  not  fired  at  on  the  present  occasion. 
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Tabub  GXXIIL— ErraBnonrm  aoaihbt  teb  '*  Wabbior"  Tabokt.    Apbil  18, 1862. 
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Effects.     (Table  123.) 

1.  Front. — ^Hit  on  the  junction  of  the  lower  and  centre  plates 
to  the  left  of  the  porthole.  Smashed  in  the  plates,  making  a  hole 
1  ft.  high  X  14  in.  The  bulge  was  8  ft.  1  in.  long  x  1  ft.  8  in. 
high.  A  crack  2  ft.  7  in.  long  across  top  of  the  bulge,  and  a  huge 
zigzag  crack  across  the  plate  and  through  its  thickness.  The 
tongne  and  groove  broken  only  at  the  actual  hole. 

Back. — Inner  skin  fractured  and  bulged  in ;  strong  iron  ribs 
broken  in  two ;  two  nuts  of  bolts  broken  off. 

2.  Front. — Hit  the  target  a  little  to  the  right  of  the  previous 
shot ;  3  ft.  2  in.  of  the  plate  smashed,  and  the  wood  exposed.  A 
piece  of  the  plate  2  ft.  3  in.  x  11  in.  broken  away. 

Ba<:7k. — Skin  broken  up;  a  second  rib  broken.  The  former 
broken  rib  driven  clean  out  and  bent  back  at  a  considerable  angle 
and  smashed.  Portions  of  shot,  wooden  backing,  &c.,  driven 
right  through.  Large  irregular  hole.  The  square  timbers  form- 
ing the  backing  to  the  plates  were  shattered,  and  the  fibre  of  the 
wood  seemed  to  be  drawn  through  the  entire  length  of  the  beams,  by 
the  passage  of  the  shot  at  the  place  of  fracture  and  penetration. 

3.  Fbont. — Struck  the  lower  plate  on  the  right  side  of  the  port- 
hole. Made  a  clean  hole  11  in.  diameter.  Cebtre  of  the  hole 
1  ft  3  in.  from  the  bottom  of  the  plate.  Two  cracks  extended  to 
the  bottom  of  the  plate,  but  independent  of  the  shot-hole. 

Back. — Nothing  perceptible  but  a  few  splinters  of  wood  raised 

7 
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up  from  the  foot  of  the  target,  and  a  few  nuts  loosened.  Oi^e 
broken  off. 

4.  Fbont. — Hit  the  top  plate  in  the  centre  of  the  right  side. 
Made  a  hole  11*5  in.  diameter,  and  the  shot  broke  up  in  it 
Depth  of  hole,  13  in. 

Back. — Struck  where  the  inside  skin  was  supported  at  top  bj 
two  beams,  with  a  total  of  about  2  ft.  square  solid  timber,  which 
was  cracked  through*  The  heavy  beams  also  giving  sup- 
port (at  right  angles  to  the  target)  were  started,  and  the  solid 
granite  blocks  in  the  rear  were  shaken.  Upon  taking  the  target 
to  pieces,  it  was  found  that  the  inside  skin  was  cracked,  and  that 
the  shot  had  penetrated  13  in.  into  the  wood  backing,  leaving 
5  in.  of  wood  into  which  no  fragment  of  the  shot  had  penetrated. 

Effbcto.    (Table  124.) 

1.  Fbont. — Struck  on  junction  of  middle  and  lower  plates  4  ft.  4 
in.  from  the  left  side  of  the  target,  half  the  indent  being  on  each 
plate.    Depth  of  indent,  1*8  in. ;  diameter,  10  in. 

Back  (see  below  *). 

2.  Fbont. — Struck  the  target  2  ft  3*75  in.  from  the  left  side,  and 
2  ft  5  in.  from  the  bottom  of  the  lower  plate.  Made  a  slight 
indent    A  bolt  started. 

Back  (see  below  *). 

3.  Front.— Hit  lower  plate  3  ft.  11  in.  from  the  left  side,  and  2 
ft.  7  in.  from  the  bottom,  making  a  slight  indent 

Back  (see  below  *). 
Struck  on  the  centre  plate. 

4.  Front. — Hit  on  the  lower  edge  of  the  porthole  7  in.  from  the 
left  side.  A  piece  of  the  plate  9*5  in.  long  and  2  in.  wide  broken 
off,  and  a  crack  6  in.  long  extended  from  a  bolt-hole  in  the  lower 
plate.    Indent,  1*7  in.;  diameter,  9*5  in. 

Back  (see  below  *), 

•  At  the  baok,  a  few  sman  liTeti,  merslj  tmitiiiff  the  aogle-lroD  to  the  skin  of  ti» 
ship,  were  broken  ofll  A  rery  ali^t  crack  on  one  of  the  angle-iraoa,  wtieie  it  jqa^d 
one  of  the  iron  supporting  ribs.  Some  of  the  lead  waahert  of  the  thron^-bQltB  fm 
the  neighborhood  of  the  blows)  drawn  thinner  and  worked  looae;  fautia-nibber  i 
muoh  oompf  ewed. 
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Tabls  CXXIT.— Rzmuonra  AOAonir  ths  **  (Vnomm  Tamobt.**  Apkil  18, 1861. 
TiTc  romtk4$  were  6nd  at  the  It/t  aUc  of  Um  !•««  pUt*. 
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6.  Struck  the  centre  plate. 

7.  Fbont. — Hit  on  the  junction  of  centre  and  lower  plates^  and 
1  ft.  5  in.  from  the  port.  Depth  of  indent,  1*2  in. ;  diameter  on 
lower  plate,  4  in. 

8.  Front.— Hit  the  plate  7  in.  from  the  top,  and  2  ft  from 
the  port.     Slight  indent 

9.  Front. — Hit  the  plate  14  in.  from  the  top,  and  1  ft  7  in.  from 
the  right  side  of  the  target.     Slight  indent 

10.  Front. — Hit  the  plate  8*5  in.  from  the  top,  and  1  ft  9*5  in. 
from  the  right  side.  The  2d  and  3d  bolts  from  the  right  in  the 
top  row  started,  the  latter  5  in.  Indent,  1*25  in.;  diameler, 
9  in. 

Back. — After  rounds  6^10  indtmve. — ^Two  bolt-heads  broken 
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off,  but  none  gone  in  the  bottom  plate,  where  a  sheet  of  vulcanized 
india-rubber  intervenes.    No  other  trace  of  injury. 

11.  Fboht. — Hit  the  lower  plate  on  the  right  side  1  ft.  11*5  in. 
from  the  port,  and  8*5  in.  from  the  top.  Inaent,  2*05  in.  A 
crack  16  in.  long  across  the  centre  of  the  bulge. 

12.  Fbont. — Hit  the  plate  3  in.  from  the  top,  and  2  ft  11  in.  from 
the  port.  Indent,  2*3  in. ;  diameter,  8  in.  A  crack  10*25  in. 
long  across  the  bulge. 

13.  Struck  the  centre  plate. 

14.  Pront. — ^Hit  the  plate  9  in.  from  the  top,  and  3  ft.  5  in.  from 
the  port  on  the  top  of  a  bolt  which  had  previously  been  started. 
The  bolt  was  drawn.  Indent,  2*55  in. ;  diameter,  6*5  in.  A 
crack  7*5  in.  long  extended  from  the  bulge. 

15.  Front. — Hit  the  plate  1  ft.  5  in.  from  the  top,  and  1  ft.  11  in. 
from  the  right  side.  Indent,  2*9  in.;  diameter,  8  in.  Slight 
crack  across  the  centre  of  the  bulge. 

Back. — After  rounds  11  to  15  inclusive. — Two  ribs  broken 
clean  through.  Five  angle-irons  broken.  Skin  fractured  and 
forced  out  in  pieces  behind,  along  with  parts  of  the  india-rubber 
sheeting.     One  of  the  througlubolts  had  the  head  broken  off. 

16.  Front. — Did  no  apparent  damage. 
Back. — Slight  bulging  of  skin  merely. 

19,  20,  21.  Front. — Fired  at  left  side  of  lower  plate.  Did  no 
apparent  damage. 

Back. — Did  not  fire  together.     Had  no  visible  effect. 

22,  23.  Front.— Hit  left  side  of  lower  plate  1ft.  9*5  in.  from 
the  bottom,  and  3  ft.  10*5  in.  from  the  left  sida  Depth  of  in- 
dent, 2*25  in. ;  diameter,  7  in.     A  crack  across  the  bulge. 

One  110-pounder  of  this  number  struck  the  centre  plate. 

24,  25,  26.  Front. — ^These  shot  made  a  hole  (triangular)  wit^-  a 
base  1  ft.  7  in.  long,  and  sides  1  ft.  10  in.  long,  on  left  side 
of  lower  plate.  A  wide  crack  extended  from  the  bottom  of 
the  hole  throngh  some  old  shot  marks  to  the  bottom  of  the 
plate. 

27.  Front. — Hit  just  below  the  hole  made  as  abova     Indent,  2 
in. ;  diameter,  9  in. 
44 
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Back. — AfUr  rounds  22  to  27  induHve. — ^Hage  fracture  with 
Iiole.  A  large  piece  of  solid  plate  driven  through  with  other 
debris.  Two  ribs  broken  across.  Skin  bulged  out,  torn  and  bent 
np  nearly  at  right  angles.  A  through-bolt  driven  out  with  the 
rest.     Solid  timber  support  at  foot  of  target  cracked  through. 

28.  Front. — Hit  on  a  rivet  which  was  forced  out.  Indent,  2'3 
in. ;  diameter,  9  in^ 

29.  FitoNT. — Hit  the  plate  1  ft.  4  in.  from  the  top,  and  5  ft.  1 
in.  from  the  left  side.    Indent,  2*1  in. ;  diameter,  9  in. 

30.  Froxt. — Hit  6  in.  from  the  top.  Indent,  2.35  in.  A 
crack  extended  from  a  bolt-hole  to  the  top  of  the  target. 

31.  Front. — Hit  1  ft.  3  in.  from  the  top.     Indent,  2.05  in. 

32.  Front.— Hit  1  ft.  8  in.  from  the  top.  Indent,  1-8.  Two 
cracks  across  the  bulge. 

33.  Missed  the  plate. 

Back. — After  rounds  28  to  33  inclusive, — One  rivet  was  driven 
out  but  not  broken.  14  in.  of  the  backing  of  the  skin  broken  off. 
One  bolt  with  spnn-yam  washer  driven  back  and  part  of  the 
washer  destroyed,  but  the  bolt  apparently  uninjured. 

jFired  at  right  ludf  of  top  plate. 

34.  Front. — ^Made  an  indent  2*5  in. 

35.  36,  37,  38.  Front. — ^Two  shot  struck  on  a  rivet  6  in.  from 
the  bottom  and  drove  it  out.  A  huge  crack  extended  to  the 
bottom  of  the  plate. 

39.  Front. — Hit  1  ft.  5  in.  from  the  bottom  of  the  plate.  Made 
an  indent  2*1  in. ;  diameter,  7  in.     Huge  crack  across  the  bulge. 

The  lower  plate  had  now  buckled  1  in.  on  the  right  side,  but 
the  boIt8  were  uninjured.  The  left  side  was  buckled  1*25  in.,  bat 
the  rivets  were  uninjured. 

Back. — After  rounds  34  to  39  indusive. — 18  in.  of  the  backing 
of  the  skin  was  destroyed.  One  rib  broken  across,  and  2  angle- 
irons. 

840.  Bxpertmemto  agalnsC  Sl-Iiicta,  9*M*Iiicta,  S-Imeh,  aB4 
4-5-Imcli  Plates  with  19-PoHiider  and  M-Povader,  aad 
against  Mr.  Scott  Ratsell's  aad  Mr  Samada's  Tartets  with 
40-Pounder,  lOOuPoonder,  and  IMuPoaader,  JTaae  9«,  ISM. 

—(See  Table  125.) 
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Plate  A,  4  ft.  6  in.  x  2  ft.  6  in.  x  i  in.     (Inferior  iron  badly  rolled.) 
*•    B,  5  ft.  X  3  ft.  X  a- 35  in. 
**    C,  5  ft.  5  in.  X  3  ft.  X  3  in      (Badly  rolled.) 
**    D,  6  ft.  X  3  ft.  X  4*5  in. 


The  plates  rested  against  strong  npright  timbers,  with  sloping 
supports  to  the  rear.  Four  powerful  rivets,  bolted  through  to  the 
upright  timbers,  overlapped  the  edge  pio.  331. 

of  each  plate.    The  plates  were  with- 
out backing  of  any  kind. 

Service  charges  for  the  respective 
guns  were  used  throughout  the  prac- 
tice. The  150-pounder  was  fired  with 
2A4  powder. 

841.  Mb.  Soott  Bussell's  Tab- 
GKT,  Figs.  381,  382  and  383  (29  ft. 
10  in.  X  9  ft.  9  in.)  was  composed  of 
four  rows  of  plates  of  the  following 
widths,  viz. : — ^upper  row,  1  ft.  10}  in. ; 
second  row,  1  ft.  9|  in. ;  third  row, 
1  ft.  8f  in. ;  and  bottom  row,  2  ft. 
lOi  in. 

Tlie  plates  (all  of  hammered  iron) 
4f  in.  thick,  were  supplied  by  the 
Admiralty,  and  had  originally  been 
made  for  the  Warrior  by  the  Thames 
Iron  Company. 

The  total  thickness  of  the  target 
was  8|  in.,  made  up  as  follows: — a 
4f-in.  plate,  a  filling-in  piece  of  1  in., 
two  1-in.  plates  for  backing,  and  two 
•f-in.  plates  forming  the  skin. 

The  construction  of  the  target  at 

the  rear  consisted  of  two  longitudinal 

stringers  5*5  in.  deep,  one  above,  and 

the  other  below  the  port ;  also  two 

^  .  ,         Mr.  SooU  Busaell's  target 

iron   water-ways,   representing   the  yiew,  ( in  to  i  ft 
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Tablb  OXXY.— Expebdcbnib  aoaikbt  2-ik.,  2*36*ih^  3-ui^  axd  4*5-ur.  Plaiv 

WITH   12-POUNDBB  AHD  40-POUNDEB,   AMD  AGAINST  MB.  SOOTT  BITSSKLL'B  TaMIT 

AND  Mb.  SamudVb  Taboit.    Junb  2ft,  1862. 


Natur*  of 
Target 


ProjMtUe. 


^s  : 


I 


! 


I 


I 


ill       - 
«      i:      - 


I 

1 
3 
4 
5 
6 

7 
8 

9 

lO 

II 

12 

I* 

«5 
i6 

17 
i8 

»9 

10 

II 

12 

»3 


A.  i-in 

B.  i*35-in., 


C.  3-in 

D.  4«5-in.. 

Scott  RusMiri 
C.  3.tn.. 
(« 

C.  3-in 

B.  1.35. 


D.  4*  5-111., 


ll-pdr. 


40-pdr. 
40-p<lr, 


lo^-in, 
Sm.-br. 
40-pdr. 


ll-pdr, 


40-pdr 


cast  tron. 

•teel. 
catt  iron. 

•teel. 

wt.  iron. 

cast  iron. 

i( 

•teel. 

wt.  iron 

•phere. 

•teel. 

wt.  iron. 

cast  iron. 


Samuda*^  . 


Iba.  OK. 
II  9 

«3  » 
XI  9 


In. 
7 
6.5 

7 


Scnrice. 


»S 


I 


13  1  :  6.5 
II  9  [  6.5 
41  8    10*15 


I 


♦5  ♦ 


161  8    10*371 

45  4   10.15 

43  o     915 

j 
41  8  '10*15 


flat  head. 


Service. 

round 

headed. 

sphere. 

ronnd 

head. 

flat 


II  9 

II  9 


Serrice. 


7 
6.5 


1-8 


•teel. 


41  8    10*15 


9.15 


•teel. 
cast  iron. 


45  4 
43  o 
45  4 
41  « 


10*15 
9. 15 


flat  headed 


Service. 


flat  headed 


round 

headed. 

flat  headed 


10*15  I    round 
head. 
;      "      ,  Service. 


nil.   10  R    ... 
"   !    "      -55 

03:'*   ^rs 

o  10    " 

7RI-6 

o  13  loR    ... 

.    I         , 
nil.  '  oil.  •  ... 

o  10    5R    ... 
•    8*5 


I 


I 


4000    3OIIR  T-O 

**   jo  3110  R  I  •05 

^    o  3318R   *.. 

I 
*♦    o  38  10  R    ... 

I 
"    o  35    3R    ... 

"   jo  38    9R    .^ 

"    o  3^,  iR    ... 

"   jo  35    3R«-»5 

I 
••    o  38    •♦    I  15 

I 
6001  o     4R  i*a 

I 
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1 


Twtt/L 


Fn^MCtkL 


5    ! 


14  Smbii44** 40-p^r       Mccl. 

15 '  ••  I      "       wt«  iron. 


lU.  <«.. 


45  4   «o-a5 

I 


I 


I ' 


1 

i 


600 


,  la. 
I  I  |iftRi«4S 


I 


rovad 

43  o  '  9'^S   AAfbe«4c4  **   I    " 

I      i        I    I    I    I    I 

s6  5coct  RttMrirtiio-fr.cMt  iron,   no  t    tt'%$      Service*  14     »oc  ^  £4.10  R  1*15 

III  I  I         I         i 

1''  ••  wt.  iron.  116  t    Ii«ft5  >UKbc«acd  •«        .«        »     iiRi.j 

i  •  I  i       I       !       I       ' 

^  «4  M      cmt'iton.   110  t    ii-ftc      Service.  ,  **      4000  41    t  R    ... 

»^  «•  M      ,        .«  ..      j      .4  .♦  «       ..       .♦     10  R  1.7 

]0-  **  **      J  wt.  iron.  117  I    11 -1$  fitih9Ut4  **       **    0  44i3Ra 


I 

"1 

J* 
3) 


CMC  iron,   no  t    $%-%$  ^  Serrict. 


lo«a$ 


;      >  I 

6o«.i  6      SR,  ... 

•ill 


wt.  iron.  |II7  II  11 -ts    flAibe«4e4 


I 


I   I)  iftRa 


Dumetcf  of  tboc  before  firiaf.. »••• io-)*ftin. 

Majot  dometcr  of  shoe  after  firing.. ift«969   ** 

Mimir  dumrter  of  ihuc  eiirr  6nn|... .>••••• t*l        ** 

Wrifhc  of  ihoc  before  firing ifii  lb«.     |oc. 

Wrtgbt  of  thoc  After  firing. lil     "    la   ** 

T\w  t»lnK*k  of  tliU  blow  WM  tnuinmitted  t4>  a  lieary  btructuro  of 
timlM^r,  in  rvnr  of  t)io  tan^t,  of  Id  pacoA  in  do]»th,  fio  afi  to  move 
the  wtioli*  muM  alxmi  \  in.,  a«  »hown  l>y  the  di'«|ila4*i*meiit  of  the 
iiaiTi»un<lin&;  unixl. 

In.  Hole  rh*an  thn»n;;h ;  diameter  in  front,  5  k  5*5  in. ;  at  back 
(innm.  5r*  in. ;  (otitori,  10  in.     No  indent  or  curvatari*  of  pluto. 

It.  I)ul^  of  plate  extendiii:;  over  a  fiurfare  2  ft.  5  in.  m  3  ft. 
Four  1-in.  wi^li*  Marrin;;  rrackt  from  <*entrc  of  bh>w.  iSiil^i*  n* 
ba«k  oviT  -paiis  1  ft,  7  in.  x  1  ft,  6  in.  Plate  c»p<»n«-:l  out  In  uijp 
n>nt.  Mtirli  nion*  d:inia;:i*  from  wniu;;ht-iron  »liot.  M(»re  in- 
jury to  pUte  on  thf  wli«»h\  tliou;;h  MtH?!  nhot  punrhtn  a  fair  ht»Ic 
cK*Mn  thn»Ui;h.     Shot  M*t  up  1*75  in. 
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Tablb  OXXY.— Expebdckktb  against  2-ik.,  2-3&-ik^  3-ui.,  axd  4'5-ai.  PLAin 

WITH   12-P0niin>BB  AND  40-POUNDKB,   AND  AGAINST  MB.  SOOTT  BuBBKLL'B  TaMIT 

AND  Mb.  Samuda'b  Taboit.    Junb  2ft,  1862. 


I 

1 
3 
4 
5 
6 

7 
8 

9 

lO 

II 

12 

«3 

I* 

«5 
i6 

*7 
|8 

«9 

10 
21 
22 

a3 


Nature  of 
Target. 


ProJ«etU«. 


Is 


-6 


I 


I      ?     i 


A.  2-in.. 


l2-pdr. 


B.  2*35-in.. 


C.  3-in 

D.4.5-m.... 

Scott  Rutfciri 
C.  3-in 


C.  3-in.. 
B.  2.35. 


D.  4*5-in.. 


40-p<lr, 
40-p<lr. 


xo^-in. 
Sm.-br, 
40-pdr. 


i2-pdr 


40-pdr. 


cast  iron. 

•teel. 
catt  iron. 

•teel. 

wt«  iron. 

cast  iron. 

11 

steel. 

wt.  iron 

sphere. 

•teel. 

wt.  iron. 

cast  iron. 

u 

wt.  iron. 


Samada*s  . 


Iba.  OK. 
IX  9 
X3  2 
XX  9 
13  2 

X2  9 

4X  8 

(I 

♦5  ♦ 
x62  8 

45  4 
43  o 
41  8 
IX  9 

12  9 

(( 

41  8 


In. 
7 
6.5 

7 

6.5 

6.5 

10*25 


Scnrice. 


»  5 


steel. 


•teel. 
cast  iron. 


45  4 
43  o 
45  4 
41  8 


10.372 

10*25 

9. 15 

XO*25 

7 
6.5 

u 

XO*25 

li 

9.25 

t( 

xo-25 

9.25 

10-25 


flatlieaa. 


Service. 

ronnd 
headed, 
sphere. 

round 

head. 

flat  head. 

Senrtce. 


X.8 


flat headed 


Serrice. 


flat  headed 


round 

headed. 

flat  headed' 

round 

head. 

Senrice. 


I 
nil.   10  R 

.     I 


t 
o  10. 


•«:s 


7R1.6 

o  13'xoR    .^ 

I       ' 

oil.    ail.     ... 

I 
o  xoj  5R'  .. 

.    "    5-$ 
*    «•$ 

4000  3oi2R7*o 
**    o  3210R  1*05 

^  lo  331IR  ^ 
"  H>  ^\^oK^  ... 
-  P  35  J»  - 
"  [o  38  9R,  - 
"  jo  39'  xR'  ... 
"  lo  35  3Rf85 
"    o  5«     •    I  X5 

6001  o     4R  i*t 

I 
"    ji   3  j  8R    .45 
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14  Saa«4«*i  . 

15 1  •* 

I 


I 


40-p4r       MecL 
"      '  wt.  iron. 


4$  4  io-»$ 
43  o  ■  9.15 


1 

I 


ro«od     . 


5    I  6001  3  |itRa*45 
I 

Mil*  »4        ■        M  ^Hm 


26  5co«  RttMcU*illo-fr.cMt  iron,   tio  t    11-15 


I 


il 

JO 

I 

J» 

n 


wt.  iron.   116  t    11  •15 


I     I     I     I     I 

Service.      14     ftoo  j  i4i3Ri*i5 


lUt  beaded 


*«      CJM  iron.   110  t    lifts      Scrricc. 


I 
-     iiRi.j 

I        I        ' 
400  o  42,  t  R    ... 


I 


I          I  ; 

**      '  wt.  iron.  117  I    if.ic  Aitbc«ic4 

I                  :  I  I                  I 

**       CMC  Iroa.   no  t    Ift-tc  I  Scnricc  ■ 

I         '  I     I 

I  I  '       i    ' 

**        wt.  irtm.  ,117  II  ii-ft5  iUt hniti     ** 


10  R  1*7 


I 


o  441)^1 

(ill 
60c  I   6      I  R    ... 


I  II    **    i*4( 

I    I 

I   ijiftRi 


Duotrtrr  of  tbot  before  irt«f. lo-)*iia. 

MijtJT  dumecer  of  tboc  alter  firwg.. Ift*y69   ** 

Mimir  dumrter  of  ihuf  «/trf  firing t*l        ** 

Wright  of  thoC  before  firing ««•••  l4a  lb«.     30c. 

Weight  of  tboc  after  firiftf. i4i    "    11  ** 

Tlio  bh<H*k  of  thin  Mow  waA  tnuisinitte<l  t4>  a  heavy  i^trnrturo  of 
titntM*r,  in  rear  t>f  the  tan;(*t»  of  1«{  paccfl  in  depth,  imi  a«  to  move 
tlic  whoh*  mat*  al»out  |  in.,  a«  »hown  hy  the  di»plaeoment  of  the 
iiurri>un<lini:  Hiind. 

In.  IIoIi>  clean  thr^>n:^h ;  diameter  in  fn>nt,  5  x  5*5  in. ;  at  ba4:k 
(innrn.  5  5  in.;  i'outeri,  10  in.     Xo  indent  or  eurvatnre  uf  plute. 

It.  nu];re  of  phite  ext€»ndintr  over  a  lurfaee  2  ft.  5  in.  x  3  ft. 
Ftinr  1-In.  wide  utarrtn;;  eracki  from  eentrc  of  hlow.  Ihii^o  nr 
ha«k  iivrr  ppai'e,  1  ft,  7  in.  x  1  ft,  6  in.  Plate  oj¥»nrd  i»ut  in  wi.l«« 
n'Tit.  Much  nion«  d.Hmap*  fnun  wruii;;ht*in»n  »hot.  M(»re  in- 
jnrv  ti»  |iliite  (»n  the  wiiide,  thon;rh  tttvl  nhot  {>un(*h(H  a  fair  hide 
dean  thn»ugh.     Shot  M*t  up  1*75  in. 
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12.  Indent,  8*5  in.  in  length  of  1  ft.  8  in. ;  diameter  of  bole, 
6  in.  Struck  on  margin  of  No.  10.  Ragged  irregular  hole  at  the 
back. 

13.  Hit  centre  of  plate  nearly ;  slight  indent,  *7  in.  No  bend 
of  plate.  Very  slight  star  of  three  branches  at  back.  Indent, 
1-05  in.  in  1  ft.  2  in. 

14.  Effect  more  of  a  bend  in  the  whole  plate.  Bulge  and  7- 
starred  cracks  at  the  back.  More  "  work  done"  still  with  the 
wrought  iron.     Shot  set  up  1*5  in. 

15, 16.  Missed. 

17.  Indent,  -625  in. ;  diameter,  S'l  in.  No  breaking  of  plate. 
Back,  slight  crack  from  bolt-hole. 

18.  Missed.  |  Flat-headed  projectiles  gave  very  uncertain  prac- 

19.  Missed.  )      tice. 

20.  Indent,  1.85  in. ;  diameter,  5.5  in.  No  bend  in  plate.  Back 
crack,  1  ft.  8  in.  laterally ;  opening  of  crack,  *65  in. ;  two  small 
upward  cracks  from  it.     Shot  broke  up. 

21.  Indent,  1*15  in.  in  1  ft.  6.5  in. ;  diameter,  4-2  in.  A  certain 
amount  of  work  lost  in  knocking  down  the  plate  from  its  iSixtures, 
accounting  for  small  effect.  Bulge  at  back  and  4-starred 
cracks,  one  of  them  1  ft.  10  in.  in  length,  gaping  f  in.  in  widest 
part.     « 

22.  Indent,  2*2  in. ;  area  of  indent,  7*7  in  x  6'8  in.  Struck  on 
junction  of  two  plates. 

23.  Indent,  -65  in. ;  diameter,  3  in. 

24.  Indent,  245  in. ;  diameter,  5*55  in.  Worked  up  the  rim  of 
plate  at  top  of  target  half  an  inch. 

25.  Indent,  '65  in. ;  diameter,  3*9  in.  x  4.8  in. 

26.  Struck  at  bottom  of  second  plate  from  the  top,  grazing  lower 
riveting.  A  semi-circular  crack  extended  for  an  area  of  12  x  22 
in.  The  plate  was  driven  in  '7  in.  in  a  length  of  1  ft.  8  in. ;  dia- 
meter of  indent,  6*5  in.  At  the  back,  one  rib  with  its  angle-iron 
was  cracked  in  two  places,  and  a  through-bolt  (not  covered  by 
armor-plate)  was  broken. 

27.  Hit  third  plate  5*5  in.  from  top.  A  crack  extended  from  the 
bulge  nearly  to  the  bottom  of  the  plate.     Indent,  5-7x6'6  in. 
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The  riveting  was  cracked  across  in  two  places  and  forced  np  for  a 
length  of  2  ft.  6  in.,  and  the  plate  was  driven  in  1  in.  At  the 
back  a  rib  was  broken,  and  the  one  referred  to  last  round  was 
broken  in  a  fresh  place.  The  skin  was  broken  for  a  short  dis- 
tance, and  a  joint-strip  was  forced  out.     The  shot  set  np  3*25  in. 

28.  Missed. 

29.  Hit  lower  plate  1  ft.  from  top.  The  riveting  started  *5  in. 
in  a  length  of  3  ft  and  cracked  along  its  centre  for  a  length  of  2 
ft.  7  in.  The  plate  was  cracked  at  the  back  through  half  its 
thickness,  as  seen  at  the  outer  end.  At  the  back  one  of  the  ribs 
was  broken  from  its  outer  rivet-hole  to  the  outside,  and  two  angle- 
irons  were  cracked.    The  skin  slightly  bulged  out. 

30.  Struck  on  projecting  riveting  between  lower  and  third  plates. 
The  riveting  was  cracked  across  in  two  places  and  compressed  at 
point  of  impact.  A  semi-circular  crack  at  a  distance  of  1  ft.  from 
point  of  impact.  At  the  back  a  rib  and  two  angle-irons  cracked 
through,  one  rivet  in  angle-iron  broken,  and  skin  cracked  across 
from  rib  to  rib.     Shot  broke  up  into  several  pieces. 

31.  Missed. 

32.  A  crack  1  ft.  long  from  point  of  impact ;  1  ft.  of  riveting 
under  the  bulge  damaged,  2*5  in.  being  broken  off.  The  riveting 
was  cracked  across  at  2  ft.  from  the  point  of  impact.  At  the 
back,  one  rib  and  angle-iron  cracked,  and  the  skin  slightly 
bulged. 

33.  Hit  broken  plate ;  a  crack  15  in.  long  at  13  in.  from  point 
of  impact ;  also,  another  crack  from  a  bolt-hole  to  the  top  of  the 
plate  at  a  point  2  ft.  1*5  in.  from  impact.  At  the  back,  two 
rivets  of  the  lower  stringer  were  broken,  an  angle-iron  and  rib 
broken,  and  the  skin  cracked  around  a  rivet-hole.  Shot  set  up 
3-75  in. 

843.  Experlmentfli  against  the  IHInotaiir  Target,  Juljr  7, 
1869. — The  target  consisted  of  three  plates.  The  top  one  12  ft. 
6  in.  X  3  ft.  4  in.  X  5*5  in.)  was  made  by  Messrs.  John  Brown  &  Co., 
of  Sheffield. 

The  centre  one  (9  ft.  x  3  ft.  7  in.  x  5*46  in.)  was  made  at  the 
Thames  Iron  Works. 
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The  bottom  one  (12  ft.  6  in.  x  3  ft.  4  in.  x  5*5  in.)  was  nuide  bj 
MeefiUB.  Beale  &  Co. 

The  backing  consisted  of  9  in.  of  teak  and  the  same  skin  as  in 
the  Warrior  tai^t. 

Each  pLite  was  fastened  with  three  rows  of  throngh-boltSy  the 
upper  and  lower  rows  being  If  in.  diameter,  and  the  centre  row 
1^  in.  A  strip  of  iron  1^  in.  thick  was  placed  in  rear,  at  the  jonc- 
tion  of  the  plates,  the  upper  strip  being  16  in.  wide,  and  the  bolts 
passing  through  it ;  the  lower  one  was  only  10  in.  wide,  and  was 
not  bolted  through.  The  support  in  rear  was  similar  to  that  of 
the  Warrior  target. 

The  range  was  200  yards,  and  the  guns  used  were  the  12-ton 
gun  (lO^in.  smooth-bore  Armstrong)  and  the  68-ponnder  smooth- 
bore. 

From  the  results  of  the  experiments,  ^Mt  is  plain  that  ^ 
powers  of  resistance  of  a  stmcture  such  as  the  Warrior  are  fiur  sn- 
perior  to  those  of  a  vessel  constructed  on  the  plan  proposed  for 
the  Minotaur, 

^^  An  additional  inch  of  iron  in  the  thickness  of  the  plate,  is 
clearly  no  compensation  for  the  reduction  of  9  in.,  or  half  the 
thickness  of  teak  backing." 

Effects.     (Table  126.) 

No.  1  (150-ponnder).  Hit  the  centre  plate  2  ft.  from  the  bottom 
and  made  a  hole  through  the  plate  12*5  in.  x  12'2  in.,  and  about  13 
in.  deep.  The  plate  was  driven  in  1*1  in.  at  the  bottom,  and  1*5  in. 
at  tlie  top,  and  buckled  forward  *45  in.  at  the  end  of  the  porthole, 
and  '25  in.  at  the  outer  end.  The  lower  strip  at  the  junction  of 
the  plates  also  started  '3  in.  from  the  backing.  Two  bolts  in  the 
bottom  row  of  the  upper  plate  started  J  in.,  and  one  in  the  centre 
row  I  in.  The  top  and  bottom  bolt  of  the  porthole  of  the 
centre  plate  started  *2  in.,  and  those  in  the  top  row  of  the  lower 
plate  started  respectively  1  in.,  f  in.,  and  J  in. ;  also  one  in  the 
centre  row  of  the  same  plate  ^  in.  The  shot  broke  up,  and  parts 
of  the  plate  and  shot  were  driven  into  the  wood  backing.  No 
cracks  on  the  plate ;  iron  good ;  at  the  back,  2  vertical  iron  ribs 
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Tablb  CXXVI— EzpnuMmrre  againbt  thb  Mznotaub  Tabobt.    July  7,  1862. 
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cracked  (one  on  each  side  of  point  struck) ;  one  of  these  ribs  broken 
clean  in  two.  Four  bolt-heads  broken  off ;  2  in  centre  plate,  one 
in  comer  below  the  seat  of  injury,  and  one  to  right  of  lower  plate, 
3  ft.  5  in.  from  the  point  struck ;  a  rivet-head  gone  near  the  same 
place.  Two  angle-irons  cracked.  Iron  shelf-piece  carried  away. 
Eleven  rivet-heads  broken  off.  Skin  much  bulged,  and  a  8-starred 
crack  from  the  bolt-hole  where  struck.  Serious  bulge  of  skin  over 
a  space  1  ft.  6  in.  x  1  ft.  6  in.  General  hend  of  inner  surface  over 
a  space  of  3  ft  6  in.  x  3  ft.  6  in. 

No.  2  (150-pounder).  Hit  the  top  plate  17  in.  from  the  bottom, 
and  made  a  hole  through  the  target;  IS  in.  x  12*5  in.,  being  the 
diameter,  in  the  armor-plate.  One  edge  of  the  hole  was  on  a  bolt 
which  was  driven  out,  and  a  crack  extended  from  the  bolt-hole 
parallel  to  and  1*3  in.  from  the  edge  of  the  shot-hole,  for  a  quar- 
ter of  its  circumference.  Eight  bolts  in  tliis  plate  were  now 
started,  viz. : — 3  in  the  upper  row,  3  in  the  lower,  and  2  in  the 
centre.  There  were  no  radiating  cracks  on  the  plate,  but  the 
quality  of  the  iron  was  unequal,  the  exterior  of  the  plate  being 
good,  but  large  crystals  visible  on  the  centre.  Fracture  lamina- 
ted.    The  plate  buckled  '3  in.  at  its  outer  end,  and  the  centre 
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plate  had  now  buckled  I'l  in.  at  the  end  by  the  -porthole,  but 
was  set  back  into  its  place  at  the  other  end,  where  it  had  buckled 
'25  in.  the  last  round  At  the  top  of  the  target  1  ft  of  the  bade- 
ing  was  forced  up  4*2  in.,  and  a  filling-in  piece  1  ft.  10  in.  long 
was  forced  up  8  in. ;  also  a  horizontal  wooden  balk  1  ft.  7  in.  to 
the  rear  was  quite  cracked  through.  At  the  back,  2  bolt-heads 
broken  off  in  centre  plate,  one  in  lower;  large  irr^nlar  hole ;  skin 
doubled  back ;  pieces  of  shot  clean  through  along  with  teak  back- 
ing and  fragments  of  plate.  Hole  and  breakage,  18  in.  x  14  in. 
Solid  timbers  supporting  the  top  of  the  target  in  rear  (total  thick- 
ness, 1  ft.  8  in.)  cracked  and  splintered ;  upright  balks  of  timber, 
4  ft.  6  in.  in  rear,  penetrated  by  splinters  of  iron ;  bolt-heads  and 
rivet-heads  picked  up  36  ft.  in  rear.  Front  portion  of  plate  strack 
(bearing  impression  of  blow),  found  15  ft:  in  rear  of  target.  Effect 
partially  concealed  by  the  supporting  beams  at  top,  which  suffered 
in  being  rent  by  the  blow. 

Ko.  3  (150-pounder).  Struck  the  lower  plate  5  in.  from  the  top, 
and  made  a  hole  through  the  target,  the  diameter  in  front  being 
13  in.  The  plate  buckled  *5  in  at  the  outer  end.  Three  cracks, 
each  about  2*5  in.  long  from  the  edge  of  the  hole,  one  extending 
to  tlie  top  of  the  plate.  Two  bolts  in  the  centre  row  had  started 
respectively  '8  in.  and  *9  in.,  and  one  in  upper  row  (3  ft  4  in.  fixim 
the  point  of  impact)  started  '5  in. ;  also  one  in  the  low^  row, 
under  the  shot-hole,  started  *3  in.  Plate  very  badly  welded  and 
much  laminated.  The  shot  broken  up.  At  the  back,  large  hole; 
daylight  through;  vertical  rib  broken  clean  through,  and  bent 
back  2  ft.  6  in.  from  target ;  large  portions  of  skin,  bolt-heada,  and 
rivets  broken  away ;  cone  of  shot  found  lying  15  ft.  in  rear ;  otbtf 
fragments  of  shot  and  plate  driven  through ;  shreds  and  splinters 
of  teak  backing  protruding.  The  hole  and  rent  16  in.  x  2  ft.  6  in. 
Entire  bulge,  3  ft.  6  in.  wide. 

No.  4  (150-pounder).  Struck  the  centre  plate  2  ft.  3  in.  from 
the  bottom,  1  ft.  6  in.  from  the  right  side  of  the  plate,  and  3  ft. 
11  in.  from  the  hole  made  by  No.  1  shot  The  shot  remained  in 
the  plate.  The  target  was  tremendously  shaken.  The  centre 
plate  had  now  buckled  forward  3'8  in.  at  the  end  by  the  porthole, 
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and  was  driven  6*5  in.  at  the  outer  end  The  whole  of  the  back- 
ing of  the  target,  on  the  right  side,  was  driven  back,  the  space 
being  6  in.  at  the  top,  and  9*25  in.  at  the  bottom  of  the  npper 
plate.  The  upper  plate  was  unsupported  for  a  length  of  6  ft.  from 
the  right  side.  The  teak  backing  through  which  the  bolts  passed, 
was  cracked  quite  through.  The  diameter  of  the  hole  made  was 
13'5  in.,  and  the  bulge  on  the  plate  was  2*5  in.  in  an  area  of  8  ft., 
whereas,  in  No.  1  round  the  bulge  in  the  plate  was  only  -5  in.  in 
a  smaller  area.  A  narrow  crack  extended  from  the  top  of  the  hole 
made  by  No.  1  round  to  the  top  of  the  plate.  At  the  back,  2 
vertical  ribs  and  angle-irons  broken,  1  on  each  side  of  blow ;  bolt 
started  and  driven  out  1  ft.  2  in. ;  skin,  2  small  cracks  at  bolt-hole; 
three  bolt-heads  off,  2  in  centre  ^late,  1  in  top.  Iron  shelf-piece 
loosened  and  partly  bent  out.  Bulge  of  plate,  4  x  2  ft.  Interior 
damage  less  than  No.  1,  but  distributed  over  a  block  of  masonry 
several  feet  in  rear,  on  which  leaned  the  intervening  beams 
between  it  and  the  top  of  target. 

The  entire  breech  of  the  12-ton  gun  (lOi-in.  Armstrong  smooth- 
bore) was  blown  out  at  this  round,  and  fell  12  yards  to  the  rear, 
rebounding  21  yards  farther  to  the  rear,  where  it  remained. 
A  14-in.  balk  of  timber  in  front  of  the  platform,  to  which  the 
tackle  for  checking  recoil  was  secured,  was  broken  through.  In 
considering  the  damage  done  to  the  target  by  this  round,  the  acci- 
dent here  recorded  must  be  taken  into  account,  as  the  loss  of  work 
must  have  been  considerable. 

No.  5  (68-pounder).  Struck  the  lower  plate  10  in.  from  the  bot- 
tom and  under  porthole.  Diameter  of  indent,  9*5  in.  Area  of 
bulge  in  plate,  19  x  18  in. ;  depth  in  area,  '5  in.  One  small  crack 
on  indent.  At  the  back,  one  rivet-head  off.  No  other  damage 
visible. 

No.  6  (68-pounder).  Struck  the  lower  plate  just  above  the 
last  round.  The  indent  of  last  round  now  measures  3.2  in.,  and 
the  diameter  of  the  two  indents  is  1  ft.  3  in.  x  9  in.  The  area  of 
the  bulge,  21  in.  No  radiating  cracks,  and  no  other  damage  to  the 
fastenings ;  but  the  plate  had  very  slightly  started  at  the  top  by 
the  porthole.     At  the  back,  no  damage  visibla 
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844.  ExpertmentB  against  4-Incli  and  41-Inch  I^nmlna- 
ted  Target,  Stafford  Sub-Calfbre  and  Parrott  ProJectUea. 
West  Point,  August  dStb,  1§69. — ^Target  5  ft.    |    5   ft,  made 

of  1-in.  wrought-iron  plates,  half  the  target  being  four  plates  thick, 
and  half  six  plates  thick.  The  iron  was  fastened  by  21  bolts  to 
oak  backing  6  in.  thick,  and  propped  hj  logs.  The  plates  were 
said  to  be  of  the  quality  used  for  the  Monitors, 

1.  Aug.  14,  1862. — Semi-steel  50-pounder  rifle,  5'1-in.  bore, 
laid  at  the  4-in.  part  of  the  target,  at  108  ft.  range.  Target,  verti- 
cal. A  pylindrical  steel  sub-calibre  shot,  with  a  brass-cup  to  fill 
tlie  grooves.  Weight,  41  lbs. ;  charge,  10  lbs.  Penetrated  three 
plates  and  was  embedded  in  the  fourth,  which  it  dished,  breaking 
the  back  timbers.  Indentation,*6i  in«  in  diameter^  Shot,  much 
broomed  and  crushed  up. 

2.  Shot  and  charge  the  same  as  above.  Shot  did  not  take  the 
grooves  well,  and  did  not  strike  square.  Besult  not  so  favorable 
as  above. 

Sbpt.  17,  1862. — The  same  target,  backed  also  by  a  block  of 
granite  and  heavy  logs,  and  set  at  3^*^  from  the  vertical. 

1.  A  cylindrical  sub-calbre  36-lb.  shot  with  a  brass  cup  to 
take  the  grooves;  fired  with  10  lbs.  of  mortar-powder  from  a 
5*l-in.  gun,  made  a  clear  breech  7  in.  in  diameter,  through  the 
4-in.  part  of  the  target  and  the  backing. 

2.  Shot  and  result  the  same  as  above. 

3.  Same  shot  and  charge  as  above,  fired  at  the  6-in.  part  of  the 
target,  made  8^  in.  indentation  6^  in.  in  diameter.  -  Shot  found  at 
the  foot  of  the  target. 

4.  5.  100-pounder  Parrott  rifle-gun,  6-4  in.  bore ;  charge,  12  lbs. 
Hazard,  No.  7  grain  powder.  Cylindrical  shot;  failed  to  take 
the  grooves  and  struck  sideways. 

1.  Sept.  5. — 100-pounder  Parrott  rifle.  Target,  vertical; 
range,  136  ft;  charge,  14  lbs.  Hazard,  No.  7  grain  powder. 
Projectile,  70  lb.  sub-calibre  shot,  consisting  of  a  steel  bolt  4|  in. 
in  diameter,  enclosed  in  wood,  with  a  brass  cup  to  take  the  rifling. 
Struck  the  edge  of  the  target,  penetrating  the  6  plates  and 
backing. 
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2.  The  gan,  shot,  and  charge,  the  same  as  above.  Struck  fairly, 
penetrating  the  6-iu.  iron  and  backing,  and  breaking  the  granite 
block  to  pieces ;  made  7-in.  hole.  Some  of  the  wood  round  the 
shot  was  found  crushed  into  the  sides  of  the  orifice,  and  the  brass 
cup  went  through. 

Oct.  6. — ^The  same  gun ;  shot  and  charge,  as  above ;  range, 
130  ft. ;  target  at  43^.  Shot  penetrated  the  6-in.  iron  and  back- 
ing, making  an  orifice  6  x  12  in.  as  it  turned  in  its  passage 
through. 

After  the  experiments  of  August  14th,  the  backing  was  much 
broken,  offering  little  resistance  to  the  shot,  and  did  not  hold  the 
plates  so  close  to  each  other  as  before. 

It  was  concluded  that  this  shot  would  penetrate  a  6-in.  lami- 
nated target  at  45°  with  a  Jth  charge  from  a  100-pounder. 

After  this  a  70-lb.  Parrott  cast  iron  flat-fronted  full-calibre  shot, 
with  a  chilled  head,  14  lbs.  Hazard  No.  7  grain  powder,  struck 
the  edge  of  the  5th  and  6th  plates,  tearing  both  off  and  going 
through  the  4  others. 

The  target  was  set  at  88°.  This  shot  was  considered  as  effec- 
tive as  any  during  the  experiment. 

84S.  ExperimenU  wftb  the  UTtaitwortli  19-Ponnder, 
70.Pounder,  and  190-Pounder,  against  the  Warrior  Tar- 
gel.  OpInioiM  of  the  C^ommlttec.— (See  Table  127).—"  The  ex- 
periments with  the  Whitworth  guns  were  extremely  satisfactory. 
The  12  lbs.  solid  shot,  fired  with  a  charge  of  1  lb.  14  oz.,  at  a 
range  of  200  yards,  penetrated  a  2J-in.  wrought-iron  plate,  and 
remained  unbroken. 

"A  shell,  with  a  bursting  charge  of  6  oz.  was  next  fired  from 
the  12-ponnder  gun,  with  the  same  charge,  and  at  the  same  range, 
at  2  in.  of  wrought-iron  backed  by  12  in.  of  wood ;  it  passed  com- 
pletely through  the  target,  buried  itself  in  the  sand-hill  in  the 
rear,  and  has  since  been  dug  up,  when  it  was  found  not  to  have 
burst.  The  charge  was  then  reduced  to  1  lb.  12  oz.,  and  one  fold 
of  the  flannel  covering  the  bursting  charge  taken  off,  and  the 
second  shell  passed  through  the  target  and  burst  in  the  rear. 

"  The  70-lb.  Whitworth  gun  was  next  fired,  at  200  yards  range. 
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A  shell  from  this  gun  weighing  68  Iba.  7  oz.,  with  a  bniBtiiig 
charge  of  2  lbs.  6  oz.,  was  fired  with  12  Ibe.  of  powder  at  an  iron 
ease,  presenting  a  front  of  7  x  4  It.,  covered  with  a  4*in.  wronght- 
iron  plate  on  a  backing  of  9  in.  of  wood,  the  rear  of  the  box  con- 
sisting of  4  in.  of  wood  covering  a  2-in.  iron  plate.  The  shell 
passed  unbroken  through  the  4-in.  plate,  the  9  in.  of  wood,  and 
the  4  in.  of  wood,  indented  and  cracked  the  2-in.  plate,  and  then 
burst,  shattering  the  box  into  fragments. 

"The  120-pounder  Whitworth  gun  was  fired  from  a  600  jards 
range,  at  a  target  representing  the  sideof  the  Warrior,  Asolid  shot 
weighing  129  lbs.,  and  fired  with  a  charge  of  23  lbs.  of  powder,  pene- 
trated the  armor-plate  and  wood  backing,  and  fractured,  but  did 
not  pass  through  the  skin.  A  shell  weighing  130  lbs.,  with  a 
bursting  charge  of  3  lbs.  8  oz.,  was  fired  with  a  25-lb.  charge,  at 
the  same  target.  It  penetrated  the  armor-plate,  and  burst  while 
passing  through  the  wood  backing,  injuring  and  oenetrating  the 
skin  in  a  line  with  the  axis  of  the  shell. 

'*  It  must  be  remarked,  also,  that  these  projectiles,  though  flat- 
ended,  were  fired  with  great  accuracy,  and  were  much  truer  in 
their  flight  than  any  flat-ended  projectile  whidi 
the  Committee  have  hitherto  seen  fired. 

"The  results  above  recorded  were  obtained 
here  partly  by  using  a  larger  charge  of  powder 
in  proportion  to  the  weight  of  the  projectile, 
than  has  hitherto  been  used  in  any  rifled  ord- 
nance ;  but  the  great  merit  due  to  Mr.  Whit- 
worth on  this  occasion,  seems  to  be  in  the  suc- 
cessful manufacture  of  a  metal  possessing  such 
hardness  and  temper  as  to  be  capable  of  pene- 
trating wrought-iron  plates,  yet,  at  the  same 
time,  so  tough  as  not  to  crush  or  break  on 
striking  the  target.  On  no  previous  occasion 
have  the  Committee  seen  a  shell  of  any  de- 
scription |)enetrate  more  tlian  1  in.  of  iron  without  breaking  up 
on  impact,  nor  have  they  seen  cast-iron  or  steel  shot  fired  through 
more  than  2  in.  of  iron  without  the  shot  itself  being  broken  by 


The   Warrior  target 
Scale,  i  in.  to  1  ft 
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the  blow;  wrooght-iron  Bhot  have  been  fired  through  plates  as 
thick,  but  though  unbroken,  they  have  been  crushed  and  distorted 
bj  the  impact. 

"  The  Committee  cannot  conclude  this  report  without  comment- 
ing on  the  very  inferior  character  of  the  4:J-in.  plates  of  which 
this  Warrior  target  was  composed.  They  were  from  Parkhead 
forge,  near  Glasgow,  and  are  said  to  be  of  the  number  of  those 
made  for  the  Black  Prince,  They  were  very  brittle  and  not 
sufiiciently  worked ;  and  the  measure  of  their  inferiority  may  be 
recorded  by  stating  that  with  the  service  smooth-bore  68-pounder, 
at  200  yards,  and  16  lbs.  of  powder,  the  eifect  upon  the  old  War- 
rior target,  and  upon  other  good  4^in.  plates,  was  an  indentation 
of  about  2*5  in. ;  whereas,  the  same  test  upon  this  target  pro- 
duced an  indentation  of  4*05  in.  with  considerable  damage  in  the 
vicinity  of  the  blow.  The  Committee  deem  it  right  to  state  that 
they  believe  the  experiment  with  the  Whitworth  gun  here  re- 
corded should  be  repeated,  with  as  little  delay  as  possible,  on  a 
target  constructed  of  more  satisfactory  material.  The  Committee 
would  further  recommend  that  the  Whitworth  solid  shot  and 
shell  should  be  tried  at  an  angular  target,  in  order  to  ascertain 
the  effect  of  homogeneous  projectiles  on  plates  placed  at  different 
angles  to  the  horizon." 

Rbsults.    (Table  127.) 

No.  0.  To  obtain  range. 

No.  1.  (12-pounder).  Shot  and  shell  of  ^^  homogeneous  metal,'' 
hardened  and  tempered.  The  plate  was  secured  to  a  wooden 
frame,  without  backing.  Its  dimensions  were  4  Q;.  3  in.  x  3  ft.  x 
2.5  in.  Shot  passed  through  the  plate  and  fell  20  yards  to  the 
rear.  A  clean  hole  in  front  8*2  in.  x  3*1  in.,  and  at  the  back 
the  diameter  of  the  hole  was  6*5  in.  x  6  in.,  the  plate  being 
broken  for  about  1  in.  round  the  edge  of  the  hole,  and  piped  out 
about  1'5  in.  in  the  centre.    The  shot  set  up  *5  in. 

No.  2.  Clean  hole  through  plate  and  backing  8*1  in.  x  3  in. 
No  trace  of  shell  having  burst 

No.  3.  Clean  hole  through  plate  and  backing  3*4  in.  x  3.1  in. 
45 
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BnrBt  after  paseiDg  through  backing.  Plate  5  ft.  6  in.  x  2  ft.  6 
in.  X  2  in.,  and  12  in.  backing. 

No.  1.  (70-ponnder).  This  gun  was  fired  at  a  box-target  made 
of  4  in.  wood,  with  a  4-in.  armor-plate  (made  at  the  Thames  Iron 
Works)  in  front,  backed  by  9  in.  of  wood,  and  a  2-in.  armor-plate 
in  the  rear  (made  at  Portsmouth  Dockyard)  as  a  guard-plate,  the 
interior  space  of  the  box  being  36  x  40  in.  One  round  with  solid 
cast-iron  shot  was  fired,  in  order  to  get  the  range ;  it  passed  through 
a  thin  wooden  target,  and  struck  a  damaged  5*5  in.  plate  (one  be- 
longing to  the  Minotaur  tai^et)  and  broke  it  in  two.  The  first 
shell  fired  penetrated  into  the  box-target,  making  a  hole  in  the  4- 
in.  armor-plate  5*6  x  5'4  in.,  and  exploded  on  the  rear  plate, 
blowing  out  the  sides  of  the  box,  and  forcing  the  front  and  rear 
plates  outwards.  The  rear  plate  was  deeply  indented  (viz. :  2*6 
in.),  but  not  penetrated.     The  shell  broke  into  large  pieces. 

No.  1,  2,  3.  (120-pounder).  Sept.  25. — ^Trial  shot  for  range  at 
wood-target  9  x  9  ft.,  indicating  great  precision  in  No.  1  and  2. 

No.  4.  Fired  at  the  Warrior  target ;  struck  the  centre  plate 
2*5  ft.  from  the  left,  and  1*5  ft.  from  the  top;  made  a  clean  hole 
in  the  plate  8  in.  x  8*5  in.,  the  edge  of  the  hole  being  1  ft.  8  in. 
from  the  one  made  by  the  first  shot  from  the  Horsfall  gun ;  a 
narrow  crack  from  one  hole  to  the  other ;  the  shot  remained  iu 
the  hole,  having  struck  on  a- rib,  the  depth  of  the  hole  to  the  bot- 
tem  of  the  shot  being  13*5  in. ;  no  bulge  on  the  plate ;  one  bolt 
in  the  centre  plate  started  *4  in.,  and  2  bolts  started  in  the  upper 
plate.  The  centre  plate  had  started  out  '3  in.  at  the  top,  and  '1 
in.  at  the  bottom  on  the  left  side.  At  the  back,  one  rib,  which 
had  been  cracked  by  a  shot  from  the  Horsfall  gun,  was  broken 
through,  bulged  out,  and  a  length  of  1  ft.  6  in.  of  it  nearly  de- 
tached; the  wood  backing  splintered  and  broken;  the  skin 
opened  about  1*5  in.  at  the  joint,  and  some  additional  bolt-heads 
broken  off. 

No.  5.  (120-pounder).  Struck  the  centre  plate  1  ft.  from  the 
bottom,  and  1  ft.  4*5  in.  from  the  right  side;  penetrated  the 
target,  making  a  hole  8*5  in.  x  7*5  in.  in  the  plate,  and  burst  in 
passing  through  the  backing ;  two  cracks  on  the  plate,  viz. :  one 
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The  bottom  one  (13  ft.  6  in.  x  3  ft.  4  in.  x  5*5  in.)  was  made  bj 
Measrs.  Beale  &  Co. 

The  backing  consisted  of  9  in.  of  teak  and  the  same  skin  as  in 
the  Warrior  target. 

Each  plate  was  fastened  with  three  rows  of  throngh-boltSy  the 
npper  and  lower  rows  being  If  in.  diameter,  and  the  centre  n>w 
1^  in.  A  strip  of  iron  1^  in.  thick  was  placed  in  rear,  at  the  junc- 
tion of  the  plates,  the  upper  strip  being  16  in.  wide,  and  the  bolts 
passing  through  it ;  the  lower  one  was  only  10  in.  wide,  and  was 
not  bolted  through.  The  support  in  rear  was  similar  to  that  of 
the  Warrior  target. 

The  range  was  200  yards,  and  the  guns  used  were  the  13-ton 
gun  (lO^in.  smooth-bore  Armstrong)  and  the  68-poQnder  amooth- 
bore. 

From  the  results  of  the  experiments,  ^^it  is  plain  that  the 
powers  of  resistance  of  a  structure  such  as  the  Warrior  are  fiu*  sn- 
perior  to  those  of  a  vessel  constructed  on  the  plan  proposed  for 
the  Minotaur. 

*^  An  additional  inch  of  iron  in  the  thickneas  of  the  plate,  is 
clearly  no  compensation  for  the  reduction  of  9  in.,  or  half  the 
thickness  of  teak  backing." 

Effects.     (Table  126.) 

No.  1  (ISO-pounder).  Hit  the  centre  plate  2  ft.  finom  the  bottom 
and  made  a  hole  through  the  plate  12*5  in.  x  12*2  in.,  and  about  18 
in.  deep.  The  plate  was  driven  in  1*1  in.  at  the  bottom,  and  1*5  in, 
at  the  top,  and  buckled  forward  *45  in.  at  the  end  of  the  porthole, 
and  '25  in.  at  the  outer  end.  The  lower  strip  at  the  junction  i»f 
the  plates  also  started  '3  in.  from  the  backing.  Two  bolts  in  the 
bottom  row  of  the  upper  plate  started  }  in.,  and  one  in  the  centre 
row  f  in.  The  top  and  bottom  bolt  of  the  porthole  of  the 
centre  plate  started  '2  in.,  and  those  in  the  top  row  of  the  lower 
plate  started  respectively  1  in.,  f  in.,  and  ^  in. ;  also  one  in  the 
centre  row  of  the  same  plate  ^  in.  The  shot  broke  up«  and  imiti> 
of  the  plate  and  shot  were  driven  into  the  wood  backing.  Xo 
cracks  on  the  plate ;  iron  good ;  at  the  back,  2  vertical  iron  ribs 
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cnu'keil  lone  on  ea<*h  hide  of  iMiint  struck);  one 4>f  tbc«iie  rilis  broken 
clean  in  two.  Four  lM>lthead«  broken  off;  2  in  centre  plate,  one 
in  ctinuT  l>elow  the  M»at  of  injurr,  and  one  to  right  4)f  lower  plate, 
3  ft.  5  in.  fn>m  the  i>oint  ntnick ;  a  ri%'et-head  gone  near  the  hanie 
place.  Two  angle-in »nft  cnu*ke<l.  Inm  fihelf-pie<'6  carried  away. 
Ele%*<*n  rivet'hea<lH  broken  off.  Skin  much  bnlge<l,  and  a  8 -^tarred 
cnu'k  fK>ni  the  bolt-hole  where  struck.  Serioui»  Indi^  of  skin  over 
a  upHot*  1  ft.  ^  in.  x  1  ft.  <]  in.  (General  l^rul  of  inner  surface  (»ver 
a  fi]>a(*e  (»f  3  ft  0  in.  x  3  ft.  ()  in. 

No.  *J  (15(^{x»under).  Hit  the  top  plate  17  in.  fn>m  the  iMittom, 
and  made  a  hole  thn»ugh  the  target ;  IS  in.  x  12*.'>  in.,  Iieing  the 
dianiet4*r,  in  the  annor-plate.  One  edge  tif  the  hole  wan  <in  a  bolt 
which  wan  driven  out,  and  a  cnii*k  extendcMl  fnim  the  Uilt-hole 
parallel  t4i  and  1*3  in.  fn»ni  the  e^lg^*  of  the  »hot  hole,  for  a  (]uar- 
ter  of  itM  cin^uiiifcnMuv.  Eight  lH»ltA  in  thin  plate  were  now 
startc<],  vix.: — 3  in  the  npfier  row,  3  in  the  h>wer,  and  2  in  the 
centre.  There  were  no  radiating  cracks  4»n  the  plate,  but  the 
quality  4»f  the  ir«»n  wan  uniH|ual,  the  exterior  (»f  tlie  plate  lieing 
pxwl,  but  large  cr}>taln  viable  on  the  centre.  Fnu'ture  lamina- 
ted.    Tlie  plate  buckled  *3  in.  at  it4  ••uti*r  4*nd,  anil  the  centre 
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from  the  bottom  of  the  hole  to  the  bottom  of  the  plate,  and  the 
other  from  a  bolt-hole  (1  ft.  from  impact)  to  the  bottom  of  the 
plate ;  two  bolts  in  the  centre  plate  started  *5  in.,  and  one  in  the 
lower  plate  "2  in.  At  the  back,  the  diameter  of  the  hole  waa  13 
in.,  and  portions  of  the  shell,  and  the  piece  of  iron  pancbed  out 
of  the  plate,  were  picked  np  inside  the  target ;  some  old  oakam 
on  the  ground  was  on  fire ;  three  bolt-heads  and  one  rivet'-heAd 
broken  off  just  above  the  hole;  the  skin  not  injured  except  where 
penetrated ;  the  outer  rib  was  broken  through  for  a  length  of  4*5 
in.  The  timber  backing  much  shattered,  and  driven  out  at  the 
side  7  in.    The  shell  burst  into  about  14  pieces. 

846.  EzperiHMBU  wttM  the  Whltwortli  IIM-Pwnder, 
and  T^Peniider,  agalMl  4i  and  ^tacli  Plates,  and  tke  IS- 
Ponnder  acalast  di-Indi  Plates,  Noreaiber  IS,  IMS.— A 
box-target  measuring  12  ft,  x  9  ft.  6  in.,  and  having  an  interior 
space  of  10  X  6  ft.,  was  constructed  for  the  experiment,  and  was 
composed  of  3  armor-plates ;  the  upper  one,  which  was  4*5  in. 
thick,  had  been  used  in  the  original  Warrior  tai^t,  and  the 
centre  one  and  lower  one  (each  5  in.  thick)  were  taken  from  Mr. 
Samuda's  target.  Tlie  thickness  of  the  backing  and  skin  was  the 
same  as  in  the  Warrior  target. 

Rrsults.    (Table  128.) 

No.  1.  (120-pounder  steel  shell).  Struck  the  middle  plate  4  ft. 
4'5  in.  from  the  right  side  and  5*5  in.  from  the  bottom,  punched  a 
hole  in  the  plate  7*5  in.  x  6  in, ;  started  3  bolts  in  the  lower  row 
1  in.  each,  and  narrow  cracks  extended  from  2  of  these  bolt-holes, 
to  the  bottom  of  the  plate ;  one  bolt  in  the  top  row  of  the  lower 
plate  was  also  slightly  started.  The  plate  was  driven  in  below  the 
hole  f  in.  for  a  length  of  12  in.  At  the  top  of  the  target,  3  of  the 
fiUing-in  pieces  were  blown  out.  The  damage  on  the  inside  was 
as  follows,  viz. :  a  large  irregular  hole,  inner  diameter  10  in. ; 
skin  of  ship  bent  out  with  ragged  rent,  sticking  out  10  in. ; 
general  bulge,  distributed  over  a  surface  of  3  ft.  5  in.  x  3  ft. 
5  in. 

The  shell  evidently  burst  between  the  front  plate  and  the  skin 
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t.  «.,  in  the  wooden  backing ;  the  base  and  Bome  pieces  of  the 
shell  blown  out  in  front  of  the  target  Injury  by  fragments  of 
the  burst  shell  or  splinters  in  the  chamber  (or  interior  of  the 
target),  not  serious.  A  vertical  rib  was  broken  right  through, 
and  bent  back.  One  of  the  bolt-heads  broken  off  was  4  ft.  5  in. 
from  point  struck. 

The  shell  broke  into  14  large  and  9  small  pieces :  the  following 
fragments  of  iron  were  picked  up  inside  the  target,  viz. :  8  large 
and  10  small  bolt-heads,  eight  rivets,  3  pieces  of  angle-iron  and  S 
pieces  of  plate,  including  one  large  piece  punched  out. 

No.  2  (120-pounder  shell).  Struck  the  top  plate  2  ft.  from 
the  right  side,  and  7*5  in.  from  the  bottom,  nearly  in  line  with 
one  of  the  ribs,  punching  out  a  piece  of  plate  7*75  in.  diameter ; 
the  hole  was  stopped  up  with  splinters  of  the  backing;  three 
bolts  in  the  lower  row,  one  in  the  centre  and  two  in  the  upper 
row  of  this  plate  were  started  from  '75  to  1  in.  (one  of  the  bolts 
which  had  started  in  the  lower  row  was  at  a  distance  of  4  ft.  5  in. 
from  the  point  of  impact),  and  the  plate  had  started  out  from  the 
backing  1*25  in.  on  the  right  side;  at  the  top  the  front  balk  of 
the  timber  backing  was  blown  out  for  a  length  of  2  ft.,  and  the 
skin  was  driven  back  '875  in.  for  die  same  length.  At  the  back,  a 
large  irregular  breakage  of  inner  skin ;  a  piece  of  shell  sticking 
in  the  hole  shutting  out  daylight  till  removed.  Inner  diameter 
of  hole  about  10  in. ;  wood  backing  closed  up  considerably  on 
path  of  shot ;  one  rib  broken  and  driven  out,  together  with  rent 
skin,  about  1  in. ;  general  bulge  on  a  surface  of  4  x  4  ft. 

The  shell  exploded  farther  forward  this  time,  blackening  the 
side  of  the  chamber  and  roof  (corresponding  to  "  upper  deck*') 
with  bursting  charge,  and  had  evidently  been  diverted  by  striking 
in  the  line  of  the  rib.  Many  (46)  pieces  of  shell  and  inner  skin 
of  ship  scattered  about  the  interior.  One  piece  of  the  former 
sticking  in  "  upper  deck,"  fragments  had  struck  in  every  direc- 
tion, in  this  instance,  as  far  laterally  as  they  could  go  (about  5  ft 
6  in.)  The  butt  of  the  shell  remained  in  the  hole  and  was  taken 
out  from  the  front. 

The  shell  broke  into  13  largo  and  6  small  pieces ;  fragments 
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picked  up  inside:  6  large  and  6  small  bolt-heads,  7  rivets,  3 
washers,  and  6  pieces  of  plate  and  skin,  including  the  large  piece 
punched  out. 

No.  3  (120-pounder  hollow  cast-iron  shot).  Struck  the  centre 
plate  5  ft.  from  the  right  Bide,  and  6  in.  from  the  top,  partly  on  a 
bolt,  making  an  indent  of  2*3  in.,  and  forcing  in  the  plate  at  the 
top  Bide  for  a  length  of  6  ft,  to  a  depth  of  3  in.  at  the  deepest 
point ;  a  crack  11  in.  long  extended  from  the  top  of  the  plate 
through  a  bolt-hole  at  a  point  1  ft.  2  in.  from  impact,  also  a  crack 
8  in.  long  from  the  top  of  the  plate  thrcmgh  a  bolt-hole,  at  a 
distance  of  1  ft.  4  in.  from  impact ;  the  plate  buckled  *6  in.  at 
the  right  side ;  the  shot  broke  up.  At  the  back,  one  vertical 
rib  broken,  and  one  angle*iron  cracked.  Six  bolt  and  rivet-heads 
broken  oflT,  at  distances  from  point  struck  varying  from  6  in.  to  4 
ft.  The  shell  broke  into  7  large  pieces  and  a  great  many  very 
small  ones ;  fragments :  3  large  and  3  small  bolt-heads,  1  rivet,  2 
pieces  of  skin,  and  1  piece  of  rib. 

No.  4  (120-pounder  steel  shell).  Struck  the  centre  plate  and 
punched  a  hole  8  in.  x  7*5  in ;  the  hole  was  stop])ed  up  with 
portions  of  plate  and  splinters  of  wood  backing.  No  damage  at 
top  of  the  target ;  at  the  back  a  large  irregular  hole  14  in.  in 
diameter ;  skin  forced  out  9  in.  to  rear. 

The  whole  shell,  apparently,  front  and  base,  passed  through  in 
fragments,  and,  apparently,  burst  just  as  it  broke  the  skin,  as  the 
hole  itself  was  scarcely  charred,  and  the  "  upper  deck,"  above 
where  the  shell  entered  the  ship's  side,  was  blackened  with 
powder.  The  shell  broke  into  9  large  and  10  small  pieces  ;  frag- 
ments :  2  large  and  10  small  bolt-heads,  7  rivets,  5  pieces  of  skin,, 
a  large  piece  of  plate  punched  out  (broken  in  half),  and  a  greaH 
many  small  pieces  of  plate. 

No.  6  (120-pouuder  solid  steel  shot).  Struck  the  middle 
plate  near  round  No.  1,  penetrated  the  target,  making  a  clean 
hole  8  in.  x  8*3  in.  in  the  plate ;  the  hole  filled  with  broken  pieces 
of  plate ;  at  the  back,  the  shot  had  penetrated  close  to  the  hole 
made  by  round  No.  1,  and  the  skin  was  now  broken  away  for  a 
space  of  1  ft.  4  in.  x  1  ft.  6  in. ;  two  former  broken  ribs  driven 


712  Ordnance. 

out  and  bent  back  at  considerable  angle ;  and  fibres  of  wooden 
backing  and  skin  protruding  1  ft.  5  in.     Shot  set  up  2  in. 

The  following  fragments  of  iron  were  picked  up  inside  the 
target,  viz. :  one  large  and  8  small  bolt-heads,  3  rivets,  3  pieces 
of  skin,  one  washer,  and  24  pieces  of  plate,  including  a  large  piece 
punched  out 

No.  6  (70  pounder  steel  shell).  Struck  the  upper  plate  13  in, 
from  the  top  and  3  ft.  from  the  side ;  made  a  hole  6  in.  x  5*5  in., 
and  burst  in  the  backing ;  a  crack  extended  from  the  top  of  the 
hole  to  the  top  of  the  plate ;  one  through-bolt  in  the  top  row 
broken;  at  the  top,  the  front  balks  of  the  wood  backing  were 
blown  out  for  a  length  of  1  ft.,  and  a  depth  of  13  in.  from  the  top, 
and  the  rear  balks  were  blown  out  for  a  length  of  5  ft.,  and  a 
depth  of  10  in.  The  lower  half  of  the  shell,  and  the  piece  of 
plate  punched  out  were  resting  against  the  skin  which  was  not 
penetrated;  on  the  inside,  only  1  bolt-head  broken  off.  The 
shell  broke  into  10  pieces. 

No.  7  (70-pounder  steel  shell).  Struck  the  target  at  the  junction 
of  the  lower  and  centre  plates ;  burst  outside  the  taiget,  punching 
a  hole  in  the  plate  4-35  in.  deep ;  2  bolts,  one  on  each  side  of  the 
hole,  started  '5  in. ;  a  crack  extended  from  a  bolt-hole  in  the 
centre  plate  to  the  bottom  of  the  plate,  also  a  crack  6  in.  long, 
parallel  to  the  circumference  of  the  hole,  and  1*5  in.  below  it  No 
damage  visible  on  the  inside  of  the  target.  The  shell  broke  into 
2  pieces. 

No.  8  (70-pounder  steel  shell).  Struck  the  top  plate  5  in.  from 
the  side  and  6  ft.  5  in.  from  the  bottom,  and  burst  in  the  backing, 
which  it  penetrated  to  a  depth  of  11  in. ;  a  large  part  of  the  shell 
remained  in  the  rear  balk  of  the  backing ;  a  length  of  3  ft.  of  the 
front  balks  very  much  damaged,  1  ft.  of  it  being  blown  out  for  a 
depth  of  2  ft.  from  the  top,  and  3  in.  in  thickness  of  the  remain- 
ing 2  ft.  blown  out  for  the  same  depth ;  the  rear  balk  was  forced 
up  3  in.  for  a  length  of  2  ft.  6  in. ;  two  bolts  in  the  lower  row, 
started  respectively  1  in.  and  5  in. ;  a  crack  from  a  bolt-hole  to 
the  bottom  of  the  plate  at  10  in.  from  the  point  of  impact,  also  a 
crack  2  in.  long  immediately  under  the  hole  made  by  round  No. 
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Sbpt.  16.— Range,  200  yards.  Charge,  74*40  Ibe.  Solid  CMst- 
iron  shot,  weight,  279*50  Ibg.     Initial  velocity,  1631. 

Struck  the  centre  plate  about  1  ft.  from  the  top  and  5  it.  from 
the  left  dde.  The  shot  completely  penetrated  the  target,  ms^lnTig 
an  irr^ular  hole  in  the  armor-plate  2  ft.  1*5  in.  x  2  ft  4  in.,  and 
breaking  off  1  ft.  of  the  tongue  at  the  top  of  the  plate ;  a  large 
crack,  '7  in.  wide,  extended  from  the  bottom  of  the  hole  to  the  bot- 
tom of  the  plate ;  also  3  narrow  cracks,  one  8  in.  long,  running  fitm 
the  large  one,  parallel  to  the  circumference  of  the  hole ;  the  other  two 
radiating  from  the  hole,  at  a  distance  of  1  ft.  and  1'5  ft.  fix>m  die 
large  one,  the  latter  being  15  in.  long,  and  running  into  a  bolt-hole. 
Three  bolts  had  started  in  the  centre  plate,  two  of  them  '6  in.  and 
one  '2  in.  Four  bolts  in  the  upper  plate  and  one  in  the  lower 
plate  also  started.  The  upper  plate  was  forced  up  -4  in.  for  a 
quarter  of  its  length  from  the  left  side.  There  was  no  hudding 
of  the  plate.  At  the  back,  portions  of  the  shot  and  plate  were 
buried  deeply  in  a  timber  bulkhead  3  ft.  in  the  rear ;  five  bolt- 
heads  broken  off;  two  ribs  broken  completely  through,  one  being 
driven  out,  and  2  ft.  4  in.  of  the  other  detached ;  and  a  third  rib 
was  cracked  through  a  rivet-hole  for  a  length  of  4  in.  About 
3  sq.  ft.  of  the  interior  skin  driven  in,  more  than  20  bolts  broken, 
and  the  skin  much  shaken,  bulged,  and  opened  at  the  joints.  Two 
of  the  front  balks  of  the  timber  backing  forced  up  at  the  top  1  in. 
and  '5  in.  respectively. 

On  the  gun  being  thoroughly  cleaned  and  examined,  it  was 
found  that  one  of  the  flaws  which  existed  in  the  bore  of  the  gun 
previous  to  this  experiment,  had  slightly  increased. 

Sept.  25.— Range.  800  yank  Ghaige,  74*40  lbs.  Solid  cart- 
iron  shot,  annealed  and  very  tough ;  mean  weight,  284  lbs.  13  oe. 
Velocity,  at  800  yards,  1299*2  ft  The  same  target  was  used  as 
on  the  16th  of  September.  The  windage  of  the  shot  was  reduced 
to  -1305  in. 

1st  Hound. — ^Missed  the  taiget;  the  shot  struck  the  madoniy 
some  yards  to  the  left.    Elevation,  57'. 

2d  Round.— Elevation,  1**.  The  shot  grazed  17  yds.  1  ft  in  front 
of  the  target,  which  it  struck  at  the  junction  of  the  middle  and 
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lower  plates,  8  ft.  from  the  right  side,  making  an  irregular  hole 
2  ft.  X 1  ft.  11  in.  in  the  armor-plate ;  the  shot  broke  up  and  was 
buried  in  the  backing,  the  depth  from  the  surface  of  the  plate  to 
the  broken  shot  being  1  ft. ;  the  lower  plate  was  forced  down  1*3 
in.  from  the  hole  to  the  right  side,  and  the  centre  plate  had  started 
to  the  front  1*2  in.  at  the  bottom,  between  the  hole  now  made  and 
the  one  made  at  the  last  experiment ;  cracks  already  on  the  plate 
much  opened,  and  several  new  ones  (one  being  1  ft.  9  in.  long) 
made  on  the  centre  plate.  At  the  back,  two  ribs  broken  com- 
pletely through,  one  being  driven  in  4  in.,  and  a  length  of  2  ft.  of 
the  other  doubled  back,  and  resting  on  the  ground ;  the  skin  con- 
siderably bulged  out  and  opened  at  the  joint,  but  not  cracked ; 
four  bolts  and  one  rivet  driven  out  some  inches,  and  3  bolt-heads 
broken  off.    l^o  buckling  of  the  plate. 

3d  Bound. — ^Elevation,  1^  &\  Missed  the  target  and  penetrated 
the  backing  of  the  old  Warrior  target  some  yards  to  the  right ; 
did  great  havoc  on  brickwork,  wood  supports,  <fec.,  in  the  rear, 
some  large  pieces  of  wood  being  picked  up  60  yards  in  the 
rear. 

4th  Bound. — ^Elevation,  1°  2\  The  shot  struck  the  left  top  cor- 
ner of  the  upper  plate,  and  broke  off  a  piece  of  plate  measuring 
2  ft.  horizontally  x  1  ft.  6  in.  vertically ;  no  cracks  on  the  plate ; 
one  bolt  driven  out,  and  one  started  2*5  in.  The  backing  and  skin 
at  the  top  of  the  target  very  much  shaken.  The  skin  forced  back 
8  in.  (in  the  greatest  depth)  for  a  length  of  4  ft.,  and  the  damage 
extended  down  the  target  for  5  ft.  from  the  top ;  the  front  balks 
of  the  backing  forced  out  for  a  depth  of  2  ft.  1  in.  from  the  top, 
and  three  of  the  rear  balks  much  splintered.  The  outer  rib 
broken  through  vertically  for  a  length  of  2  ft.  6  in.  from  the  top, 
and  doubled  up  4  in.,  only  now  measuring  6  in.  in  depth. 

No  increase  in  the  flaws  in  the  gun  after  this  day's  firing. 

One  round  of  solid  cast-iron  shot  was  fired  from  a  68-pounder 
95  cwt.  gun,  at  200  yards  range,  at  the  left  side  of  the  lower 
plate,  to  test  the  quality  of  the  metal,  and  made  an  indent  of  4*05 
in. ;  two  large,  and  two  small  cracks  on  the  face  of  the  indent, 
and  5  in.  below  it,  extending  upwards  for  1  ft.  on  each  side.     The 
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iron  was  very  brittle,    irregular,  and  largely   cryBtallice,    and 
seemed  unfit  for  armor-plates. 

848.  Opinions  of  the  Ookmittbe. — "The  experiment  with 
the  Horsfall  gun,  which  was  to  test  the  endurance  of  this  piece 
of  ordnance,  shows  that  solid  wrought-iron  guns  of  great 
size  maybe  manufactured  capable  of  bearing  large  charges- of 
gunpowder ;  although  this  gun  had  several  flaws  in  the  breech, 
one  13  in.  deep,  as  before  described,  yet  these  flaws  have  been 
very  slightly  altered  by  the  firing. 

"  The  smashing  effect  of  a  spherical  shot  of  280  lbs.  weight,  fired 
with  a  chaise  of  74  lbs.  of  powder,  was  what  might  have  been 
anticipated,  and  the  accuracy  of  the  gun  was  as  good  as  that  of 
any  well-made  smooth-bore  piece  of  ordnance." 

849.  Experimento  on  Armor  with  ll^Povnder  Fired 
under  Heater.  H.  H.  8.  ^  Excellent,"  October  7,  1869. — A 
target,  4  ft.  square,  composed  of  4  half-inch  boiler-plates  bolted 
together  (making  a  total  thickness  of  2  in.),  was  secured  to  the 
side  of  the  Of'iper,  nearly  amidships,  where  the  side  fell  in  con- 
siderably, making  an  angle  wfth  the  vertical  of  3^.  The  gun  was 
placed  20  ft.  from  this  target,  measuring  from  the  muzzle,  laid 
horizontal,  with  its  axis  pointed  exactly  for  the  centre  of  the 
target,  loaded  with  a  flat-headed  solid  projectile  and  14  lbs. 
charge,  and  fired  when  the  water  had  attained  a  height  of  6  ft. 
above  the  axis. 

The  shot  struck  the  target  about  3  in.  to  the  right  of  the  spot 
on  which  the  axis  was  directed,  penetrated  the  plate  and  14  in« 
of  backing,  and  lodged  in  a  shelf-piece  immediately  iu  rear  of 
the  target;  shelf-piece  much  shattered  and  ship's  side  a  round 
fracture  greatly  shaken.  Fracture  in  plate,  a  clean  circular  hole  8 
in.  in  diameter,  2  small  cracks  radiating  from  the  fracture. 

Nov.  10.— A  target  8  ft.x4:  ft.  composed  of  6  half-inch 
boiler-plates  bolted  together,  making  a  total  thickness  of  3  in.,  was 
secured  to  the  side  of  the  Oriper  nearly  amidships,  where  the 
angle  of  the  side  from  the  vortical  was  about  3^. 

No.  1.  The  gun  (110-pounder),  range,  chaise,  and  immersion 
as  before,  was  loaded  with  a  wrought-iron  flat-headed  shot,  which 
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struck  the  target  about  on  the  spot  aimed  at  It  broke  in  the  2 
outer  ^in.  plates,  making  a  round  fracture  of  7  in.  diameter,  and 
drove  the  remaining  plates  back  into  the  wood  2^  in.,  but  with- 
out breaking  them.  The  projectile  fell  back.  The  shelf-piece 
(new)  in  rear  of  the  point  struck  was  badly  broken ;  lining 
shattered. 

No.  2.  Gun  and  conditions  the  same  as  above.  The  shot, 
solid  cast  iron,  struck  the  target  8  in.  to  the  right  of 
point  aimed  at,  and  broke  up  and  fell  back,  but  broke  all 
the  plates,  driving  the  fragments  into  the  side  12  in.,  and 
making  an  irregular  fracture  14x10  in.  Right  edge  of 
plate  started  from  side  2^  in.  Shelf-piece  broken  and  lining 
shattered. 

No.  3.  Gun  and  conditions  same  as  above.  The  shot,  cast  iron, 
struck  where  aimed  and  broke  all  the  plates,  driving  the  frag- 
ments through  the  side  into  the  ship,  and  making  an  irregular 
fracture  in  the  target  9  |  12  in.  Shelf-piece  broken  and  ship's 
side  destroyed  for  a  considerable  extent 

8«fO.  Kxperlmento  against  (Taptaln  Inyllt's  SUeld,  De- 
cember M,  18M. — ^This  target  was  composed  of  two  thick- 
nesses of  iron  planks  crossing  each  other,  and  bound  together  by 
an  iron  frame,  and  supported  by  iron  brackets.  The  structure 
was  11  ft.  wide  x  8^  ft.  high,  with  an  embrasure  3  ft.  6  in.  high 
X2  ft.  4  in.  wide.  The  outer  vertical  planks  were  respectively 
1  ft.  11  in.  wide X 8  in.  high;  1  ft  11  in.X7  in.;   1  ft.  7i  in. 

X  8  in. ;  1  ft.  7i  in.  x  7  in.,  and  1  ft  7i  in.  x  6  in.  These 
were  backed  by  horizontal  planks  of  rolled  iron  14  in.  wide,  and 
5  in.  thick.  The  measured  thicknesses  of  the  target  were  11}  in., 
12  in.,  13  in.,  and  12f  in.  Where  the  cross-framing  supported 
the  rear,  the  maximum  thickness  was  17  in.  The  frame  consisted 
of  4  vertical  pieces  14  in.  x  4  in.,  and  2  horizontal  pieces  14  in.  x 
5  in.    The  brackets  at  the  ends  were  of  1-in.  plate,  and  8  in.  x  5  in. 

XI  in.,  and  5  in.  x5in.  xl  in.  angle-irons;  base,  3  ft.  They 
were  riveted  to  sill-pieces  14  in.  x  4  in.,  and  the  sill-pieces  were 
riveted  to  a  cross-beam  18  ft.  long  x  11  in.  wide  x  3  in.  deep, 
and  placed  6  ft.  behind  the  shield.    The  cross-beam  was  weighted 
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and  held  in  plaoe  by  masonry.  Between  the  surfaces  of  the  front 
and  rear  planks  were  placed  sheets  of  lead,  weighing  6  lbs.  fer 
foot.  The  planks  were  held  together  by  3-in.  bolts  and  3-in. 
rivets,  with  rubber,  wire-rope,  lead,  and  millboard  washers. 

8S1.  Captain  Inglis,  in  the  paper  before  quoted,  anticipates 
the  following  advantages  for  this  plan  of  construction:  ^^The 
advantages  I  claim  for  it  are  simplicity  and  capability  of  universal 
application,  facility  of  repair,  and  adding  strength  either  to  the 
whole,  or  to  any  part  at  any  future  time,  and  a  large  share  of 
strength  for  the  money.  It  will  be  composed  of  heavy  masses, 
*  *  *  and,  as  I  propose  to  use  them  just  as  they  come  from 
the  rolls,  without  any  machine-work  upon  them,  except  the  bolt- 
holes,  I  hope  a  shield  put  together  in  any  part  of  the  kingdom 
will  not  cost  more  than  £20  per  ton." 

8«SS«  The  guns  fired  on  this  occasion  were  the  6S-pounder 
smooth-bore,  and  the  110-pounder  Armstrong,  and  the  120-ponnder 
Whitworth  rifles.     Range,  200  yards. 

No.  1.  Solid  67-lb.  ball ;  charge,  16  lbs.  Struck  12-in.  part,  2 
ft.  9^  in.  from  top ;  indent,  1*65  in.  x  9*4  in.  diameter.  Bulged 
*5  in.  in  1  ft.  length;  lead  much  squeezed  out  at  embrasure. 
Some  washers  mashed  and  1  nut  loosened. 

No.  2.  Solid  67-lb.  ball;  charge,  16  lbs.  Struck  13-in.  part,  1 
ft.  5i  in.  from  top;  indent,  1*65  in. x 9*5  in.  Plank  driven  in 
1*25  in.  at  top,  and  out  *6  in.  at  side ;  narrow  crack  from  right 
edge  of  plank  to  indent ;  indent,  *5  in.  on  next  plank ;  1  small 
rivet-head  broken ;  washers  squeezed ;  angle-iron  of  right  bracket 
bent. 

No.  8.  Solid  67-lb.  ball;  chai^,  16  lbs.  Struck  12-in.  part, 
4  in.  from  left  side,  and  2*5  in.  from  top,  and  partly  on  next 
plank;  indent,  1*65  in.  x9  in.;  plank  started  out  *5  in.;  two 
3-in.  rivets  broken ;  lead  squeezed  out  on  left  side. 

No.  4.  Solid  67-lb.  ball ;  charge,  16  Iba  Struck  13-in.  part, 
partly  on  plate  over  embrasure ;  indent,  1*1  in.  x  10*5  in. 
Several  small  cracks  from  edge  of  plank,  and  one  in  indent  No 
damage  at  back. 

No.  5.  Solid  67-lb.  ball ;  charge,  16  lbs.     Struck  114n.  part, 
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plank  driven  in  *5  in.  at  top  for  6  in.  length,  and  crack  6  in. 
long ;  1  lead  washer  broken  ;  adjacent  plank  bulged. 

No.  6.  llO-lb.  iMilt;  charge,  14  Iba,  Struck  13-in.  part,  3  ft 
5  in.  from  bottom ;  indent,  1*1  in.  x  Tin.;  plank  cracked  on  side 
and  bulgtHl  ^  in.  in  8  in.  One  bolt  started  '2  in. ;  6  small  rivet* 
broken  on  angle-irons. 

No  7.  llCVlb.  bolt;  charge,  14  lbs.  Struck  IS-in.  part,  4  ft  1 
in.  from  top;  indent,  1*15  in.  x  7*5  in. ;  1  nut  started  '1  in.  at 
back. 

No.  8.  IKMb.  bolt;  charge,  14  lbs.  Struck  13  in.  part,  2*9 
from  top,  partlj  on  a  bolt-head  ;  indent,  1*2  in.  x  7^  in. ;  1  bolt 
driven  in  ^  in.,  and  lea<l  more  pressed  out. 

No.  9.  08-lb.  bolt  fnMU  1 10.|M>under ;  16  lb.  charge.  Struck 
e<lge  of  13-in.  part,  3  f\.  4^  in.  from  t4>p,  6|-in.  of  indent  being  on 
plank;  indent,  2*45  in.  x  8*25  in.  Plank  cracked  inside  for  5 
in.  in  2  places.  At  back,  angle-iron  and  backing-piece  cracked 
thn>ugh. 

No.  10.  rtslb.  »H»lt,  16  lb.  charge.  Struck  junctum  of  12  and  13- 
in.  partA,  2  ft  11  in.  from  bott^mi ;  indent,  3  in.  x  b.S  in.;  3 
wai^hers  mai%he<I. 

No.  11.  12t>%Vlb.  Mt'iO-heailcil  lM)lt,  20  lbs.  charge.  Struck  13- 
in.  part,  3'76  in.  fniin  nidi*,  and  7  in.  above  limt  round.  Indent, 
1*8  in.  x  7  in.     No  other  damage. 

No.  12.  13<^lb.  flat-endi*<l  Meel-headed  bolt;  charge,  25  llin. 
Strurk  ri-in.  part;  indent,  2  in.  x  9*5  in.;  left  edge  biilgf*<]  out 
2  in. ;  »h<»t  bnike  up.  At  biwk,  2  rivHlio:Mln  bniken,  and  a  bra**© 
(ii*tarh(Ml.  BracketH  hhakcn,  and  slight  widening  betwei*n  a^lja- 
(*€*fit  pMrt«i  of  phuiks  aU»ut  the  Mow. 

HSM.   EXPKKIMK.NTH   oF    I)n\    29,    iMVi,   <X».MI!«rKn  ON    Caftaiii 

Ii«(«Li^*«  Smo.mi  Snirxn,  at  SnoicBrRYxixi,  Maki  ii  8,  18*»3. — iS**© 
Table  \:i\K)  -4funn  umhI  in  the  ex|K»rimrnti*:  Ono  3<H>.j>oundrr 
Annf»tn»ng  niu7j:h*loAirtng  ^hunt  tfun;  cjilihre,  9*20  in.;  weight, 
11  tons,  15  cwt.,  2  qm.  One  lOOjMmnder  Annstnmg  mu/jde* 
loailinjj  ►mootli  l>on»  gun.  One  13n-jH»nndi*r  (hitherto  nM*f>rdcMl 
aa  120|M»un<it*r)  nfii^l  gnn.  (hw  7  in.  Lvnall  ThomasV  gun,  rifled 
with  8  riU;   weight,  149  cwt.,  3  qm.,  14  lbs. 
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Effects  (Table  129.) 

No  1  (Whitworth  7-iii.  rifle).  Struck  8  and  4  planks,  3  ft.  4  in. 
fix>m  the  bottom ;  2  in.  of  indent  was  on  plank  Ko  3 ;  the  bulge 
on  plank  No.  3  measured  1*3  in.  in  depth,  but  the  depth  of  indent 
on  No.  4  could  not  be  taken,  as  part  of  the  shot  remained  in  the 
indent ;  the  edge  of  plank  No.  3  was  cracked  in  the  bulge  for  a 
length  of  1'5  in. ;  a  narrow  crack  on  plank  No.  4,  at  1  ft.  5  in. 
from  the  point  of  impact,  extending  from  a  bolt-hole  to  the  edge 
of  the  plank.  At  the  back,  slight  bulge  of  4  in.  of  horizontal 
plank  at  seat  of  blow;  lead  sheeting  at  left  side  of  embrasure 
pressed  out ;  plank  below  the  one  struck  gaping  *5  in.  fron^  front 
plank  at  side  of  embrasure ;  vertical  frame-piece,  to  left  of  embra- 
sure, slightly  curved  back. 

No.  2  (100-pounder  smooth-bore).  Struck  at  2  ft.  2  in.  from 
bottom  of  target,  and  5*5  in.  from  the  side  of  the  plank ;  a  bolt  8*5 
in.  from  the  point  of  impact  started  '3  in. ;  the  edge  of  No.  4 
plank  was  bulged  2  in.  x  1*5  in.,  and  the  edge  of  the  plank  was 
cracked  on  the  bulge  for  a  length  of  5  in.  At  the  back,  the 
second  through-bolt  from  the  top  of  the  left  row,  distant  about  3 
ft.  from  the  point  of  impact,  was  broken ;  the  lead  washers  of  No. 
4r  through-bolt,  from  the  top  of  the  same  row,  squeezed  and  broken, 
and  angle-iron  bulged  out  *5  in. ;  the  lower  horizontal  plank, 
about  1  ft.  beneath  the  blow,  was  cracked  through  vertically ;  the 
left  vertical  frame-piece  was  slightly  curved,  and  angle-iron  at  top 
set  back  from  it.     Major  diameter  of  shot  after  firing  12*2  in. 

No  3  (300-pounder  rifle).  Struck  No.  3  plank,  1  ft.  9  in.  from 
the  bottom ;  the  plank  was  cracked  across  its  width  through  the- 
indent ;  the  crack  made  by  round  No.  1  extended  to  a  bolt-hole; 
and  the  plank  was  cracked  completely  through  its  width  and 
thickness  at  1  ft.  5*5  in.  from  the  top,  the  crack  being  '4  in.  wide 
on  the  front,  and  having  extended  from  an  old  crack  4  iiu  long 
made  by  the  previous  day's  firing;  the  plank  was  driven* in  1'8 
in.  for  3  ft.  6  in.  from  the  bottom ;  the  bottom  bolt  of  the  plank 
started  '2  in.  and  the  two  bolts  next  above  were  driven  in  '2  in. 
and  '4  in.  At  the  back,  a  through-bolt,  just  below  embrasure, 
46 
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broken  off;  vertical  frame-piece,  or  ''  upright  of  frame,"  bent  con- 
siderably at  Beat  of  blow ;  gaping  of  horizontal  planks  from  front 
planks  at  left  side  of  embrasure,  increased  now  to  an  inch ;  hori- 
zontal frame-piece  or  cross^tay,  at  bottom  curved-  back  considera- 
bly ;  a  through-bolt  (mashed  by  the  above  frame-piece)  broken, 
and  its  head  brought  up  pressing  against  the  frame-piece ;  washers 
of  No.  2  through-bolt  from  the  top  of  right  row  squeezed  up ; 
bottom  through-bolt,  right  side,  loose,  being  broken  in  fr(mt ; 
vertical  frame-piece,  right  of  all,  slightly  curved ;  and  a  partial 
crack  (former  day's  practice)  now  continued  through  the  thickness 
of  iron. 

No.  4  (7-in.  rifle).  Struck  No.  1  plank,  4  ft.  7  in.  from  the  bot- 
tom, and  5  in.  from  the  side ;  plank  driven  in  1*8  in.  at  point  of 
impact,  and  the  edge  of  plank  No.  2  bulged  1  in.  in  a  length  of  10 
in. ;  the  plank  cracked  diagonally  across  its  width  through  a  bolt- 
hole  at  1  ft.  2  inT  above  the  point  of  impact ;  also  from  a  bolt-hole 
to  right  side  of  the  plank  at  1  ft.  5*5  in.  below  the  point  of  impact ; 
a  crack  15  in.  long  also  extended  from  the  left  side  of  the  plank 
at  2  ft.  7  in.  below  the  point  of  impact.     The  shot  set  up  6*5  in. 

No.  5  (Whitworth  7-in.  rifle).  Struck  the  plate  below  embra- 
sure, 1  ft.  8  in.  from  the  top,  and  10  in.  from  the  left  side,  which 
was  driven  in  "8  in.  on  the  right  side,  and  1*1  in.  on  left  side ;  the 
shot  broke  up  and  a  portion  remained  in  indent,  the  depth  of 
which  could  therefore  not  be  taken ;  the  bottom  bolt  stfurted  1  in., 
and  a  crack,  made  by  previous  firing  on  plank  No.  2,  opened  to 
*3  in.  At  the  back,  a  through-bolt  2  ft.  6  in.  from  the  point  of 
impact,  driven  out;  whole  of  bottom  of  embrasure  set  back, 
opening  between  front  and  rear  planks  '5  in. ;  a  slight  irregular- 
starred  crack  on  lower  horizontal  plank ;  lower  horizontal  frame- 
piece  rather  more  bulged  back. 

No.  6  (300-pounder  rifle).  Struck  at  the  junction  of  planks  8 
and  4,  3  ft.  2  in.  from  the  top  of  the  target ;  a  portion  of  the  shot 
remained  in  plank  3 ;  the  cracks  at  the  top  and  bottom  of  this 
plank  made  by  round  No.  3  much  enlarged,  and  now  measure  "6 
in.  and  -9  in.  in  widtL  At  the  back,  a  through-bolt  (second  from 
the  top  of  the  third  row  from  the  left)  broken ;  through-bolt,  top 
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of  second  row  firom  lefk,  much  squeesed  up ;  vertical  frame-piece 
considerably  bulged  (now  1*2  in.)  ;  horizontal  planks  2,  3,  and  4 
from  top  also  bulged ;  3  and  4  horizontal  planks  opening  out  from 
front  planks  1  in.  at  left  side  of  embrasure. 

No.  7  (L.  Thomas's  7-in.  rifle).  The  gun  burst  and  the  shot 
did  not  strike  the  target. 

8«S4.  Experiments  on  Millboard  as  a  Backing  to  Armor* 
Plates.  Sept.  8,  IMi. — ^A  piece  of  millboard  1  ft.  3  in.  x  1  ft. 
8-5  in,  X  8  in.,  was  secured  in  rear  of  an  iron  plate  -9  thick,  the 
millboard  resting  against  a  2^  in.  plate  backed  by  granite. 

The  gun  used  was  a  6-pounder  Armstrong  rifled  gun,  with  solid 
cast-iron  shot  and  service  charge,  at  50  yards  range. 

No.  1  Bound. — Struck  the  "O-in.  plate  at  a  spot  above  where 
it  was  backed  by  the  millboard,  made  a  clean  hole  2*9  in.  diame- 
ter-through the  plate,  and  the  shot  broke  up. 

No.  2  Bound. — Struck  the  plate  where  backed ;  shot  penetrated 
3*9  in.,  and  remained  in  the  hole  unbroken.  The  millboard  was 
slightly  forced  out  at  the  side,  owing  to  its  small  area. 

No.  3  Bound. — ^Hit  the  plate  at  a  spot  1  in.  below  the  top  of  the 
millboard;  2  in.  of  the  rear  of  the  shot  broken  off,  the  re- 
mainder stuck  in  the  hole,  having  penetrated  2*5  in.  into  the  mill- 
board. 

(A  piece  of  teak  7*9  in.  thick  was  now  put  in  rear  of  the  •9-in. 
plate  just  above  the  millboard,  and  resting  against  the  2^in.  plate 
and  granite  backing.  The  6-pounder  Armstrong  gun  was  used  at 
the  same  range.) 

No.  4  Bound. — ^The  shot  struck  fair  on  the  plate  and  wood, 
passed  clean  through  both  and  remained  whole  in  the  wood, 
which  was  split  in  half.  The  shot  penetrated  to  the  2^in. 
plate. 

The  penetration  into  the  millboard  of  a  flat-fronted  shot,  weigh- 
ing 6i  oz.,  fired  from  a  waU-piece  at  25  yards,  with  a  charge  of  10 
drs.,  was  2*76  in. 

Nov.  14. — A  block  of  millboard*  measuring  4  ft.  -75  in.  x  3  ft. 

*  This  block  of  millboard  was  supplied  by  Mr.  Morris,  of  Glasgow,  on  his  own  pro- 
posal, bat  was  not  ai  all  suited  for  the  purpose  intended,  consisting  merdj  of  sheets 
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Of  ooconu  row  irom  iiOiy  mucn  squeesea  up;  venicai  inuuepiece 
f*on*iiderabIv  bulgod  (now  1*2  in.) ;  horixontal  plankn  2y  3,  and  4 
rn>m  top  aliM>  bulged ;  3  and  4  horixontal  planks  o|H'ning  out  from 
fWmt  planks  1  in.  at  left  side  of  embrasure. 

N<K  7  (L.  Tl)oma»*8  7-in.  rifle).  The  gnn  burnt  and  the  nhot 
did  not  htrike  the  target. 

HA4.  EipcHaicaU  mi  ■IH^muNI  as  a  BacliUiV  ta  Ariar 
Plalca.    Hc^C  H,  IMS. — A  piec^e  of  milllMiard  1  ft.  3  in.  x  1   ft. 
S -5  in.  X  8  in.,  was  secured  in  rear  of  an  mm  plate  "9  thick,  the 
miUlM>anl  resting  against  a  2|  in.  plate  backed  hj  granite. 

Tlie  gun  osed  was  a  Opounder  Armstrong  rifled  gun,  with  N>lid 
ea<tiron  shot  and  aervice  charge,  at  M)  yards  range. 

No.  1  Il4>und. — Stnick  the  "O-in.  plate  at  a  8|H>t  al>ove  where 
it  wan  barked  bv  the  milllxmrd,  made  a  clean  hole  2*9  in.  diame- 
ter through  the  plate,  and  the  hhot  bn>ke  up. 

N«).  2  li^mnd. — Struck  the  plate  where  backed ;  hhot  penetrated 
3*9  in.,  and  reniaincHl  in  the  hole  unbroken.  The  millboard  was 
•lightly  fontn]  out  at  the  itide^  owing  tii  iu  small  area. 

N(».  3  Il4>und. — Hit  tlio  plate  at  a  H[>ot  1  in.  below  the  t4>p  of  the 
milll>i»ard;  2  in.  of  the  rear  of  the  hhot  broken  off*,  the  re- 
mainder iituck  in  the  h«>le,  baring  {tenetrated  2*5  in.  into  the  mill- 
lMiard. 

(A  pii'^'e  of  teak  79  in.  thick  was  now  put  in  rear  of  the  •9-in. 
plate  junt  aU»ve  the  millb^mnl.  and  renting  against  the  24*in.  plate 
and  irranite  backing.  The  <l  {xmnder  Armstnmg  gun  was  umhI  at 
the  same  range.) 

No.  4  It4>und. — Tlie  shot  struck  fair  on  the  plate  and  wikmI^ 
jNifWMl  cl(»an  thn>ugh  l)oth  and  rcmainc<l  whtile  in  tlie  wood^ 
which  was  iiplit  in  half.  Tlie  »hot  [it^nHrated  to  tlie  2^ia. 
plate. 

The  penetration  int4>  the  milllioarfl  of  a  flatfrontc<l  i^hot,  weigh- 
ing  />i  «ix.,  firiMl  fn>m  a  wall  pie<*e  at  2o  vanls,  with  a  cliarge  of  10 
dn^.,  was  2*7«>  in. 

Nov.  14. — A  bliK'k  of  milllMmrd^  m<nii»uring  4  ft.  -75  in.  x  3  ft. 

pnsAl  b«t  »M  b>4  M  AH  tuitrtl  for  Uw  pufpms  tbWtekd,  mn— iiof  wmnkf  of  alMSls 


I'O  in.  X  1  IX.  2'0  in.,  ana  weigning  o  cwi;.,  12^  ids.,  was  i«Biea 
in  comparison  with  teak  of  the  same  weight,  and  meaBuring  4  ft. 
•75  in.  X  3  ft.  1-25  in.  x  1  ft;.  2  in.  Each  block  was  faced  with 
a  1-in.  iron  plate,  the  whole  being  secured  at  the  sides ;  by  means 
of  clamps,  to  avoid  through-bolting. 

The  guns  used  were : 

One  6-pounder  Armstrong  gun  at  60  yards. 

One  12-pounder  do.  at  100  yards. 

No.  1  Round. — 6-pounder  solid  shot  at  millboard.  Struck  1  ft.  4 
in.  from  the  top,  and  1  ft.  6  in.  from  the  side;  penetrated  3  in.  into 
the  millboard,  the  shot  remaining  unbroken.  The  plate  buckled 
•95  in.  over  a  space  measuring  17  in.  x  6  in. 

No.  2  Round. — 6-pounder  solid  shot  at  teak.  Struck  1  ft.  3  in. 
from  the  top.  Shot  penetrated  completely  and  broke  up.  The 
balk  of  timber  on  which  it  struck  was  cracked  through  its  thick- 
ness ;  very  slight  buckle  of  plata 

No.  3  Round. — 12-pounder  solid  shot  at  millboard.  Struck  the 
plate  at  1  ft.  2  in.  from  the  top,  and  penetrated  to  a  depth  of  I 
ft.  7  in.,  being  3  in.  into  some  wood  in  rear.  Left  a  clean  hole 
through  the  millboard  of  81  in. 

No.  4  Round. — 12-pounder  solid  shot  at  teak.  Struck  at  1  ft.  3 
in.  from  the  top  of  the  plate,  made  a  hole  3*3  in.  diameter,  and 
penetrated  the  wood,  which  it  split  through  its  thickness  at  the 
top;  the  hole  closed  up. 

No.  5  Round. — 6-pounder  solid  shot  at  millboard.  Struck  at 
6*5  in.  from  the  top,  and  penetrated  the  millboard  to  a  depth  of 
2*65  in.,  the  fore-part  of  the  shot  remained  in  the  hole,  the  re- 
mainder being  broken  off.  The  plate  buckled  -9  in.  for  a  space 
of  14  in.  X  12  in. 

No.  6  Round. — 6-poimder  solid  shot  at  teak  Struck  at  1  ft, 
from  the  top,  and  penetrated  6  in.  into  the  teak.  The  wood  wa* 
split  through  as  in  pi*evious  rounds ;  very  slight  buckling  of  plate. 
The  shot  did  not  break  up. 

855.  ExperlmenU  against   Hodge's  Wire  Target,  Majr  T« 

of  brown  paper  laid  together  and  bound  bj  hoops  of  iron,  and  whan  tbeaa  latlar 
reiboved,  the  sheets  of  paper  were  found  to  be  quite  disoonnected. 


d 


H^>ee  Table  13().) — ''The  front  of  the  target  coiisi^U  of  three 
tbic'knes^^  of  ^in.  plate  iron ;  then  comes  a  tiM^ne  of  wire  n>pe8 
14  in.  thick.    The  target  is  mounted  on  timber  9  in.  thick,  con- 
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"Gun,  11  in.,  No.  214,  C.  A.  &  Co.,  mounted  on  a  wooden 
pivot-carriage,  in  front  of  battery.  Charges:  cannon  powder, 
1862.  Projectiles:  Ist,  one  wrought-iron,  and  2d,  one  cast-iron 
solid  shot.     Friction  primers. 

"  1st  shot  hit  direct,  passing  clean  through  the  target  into  the 
bank ;  penetration  not  determined. 

"  2d  shot  hit  direct,  passing  clean  through  the  plates,  and  pene- 
trating the  bank  a  distance  of  9  ft.  6  in."* 

856.  ExpeiimenU  against  liaiiilnated  Iron  Inellned  15' 
fkrom  Line  of  Fire  and  liaeked  by  Indla-Rubber  and  Timber, 
l»ept«  4, 186a. — (See  Table  131.) — "This  target  was  made  of  two 

Fia.  387. 


Front  of  lamiiutted  target,  after  two  ll-io.  shot. 

thicknesses  of  ^-in.  boiler-iron  put  on  in  4  plates,  backed  by  1  in. 
rubber  and  7  in.  yellow  pine  and  3  beams,  running  lengthwise  of 


*  OflBcial:  From  Scientific  American,  Dec  19,  1863. 
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Table  OxxxT. — Ezpbbzmsiitb  AOAnrsr  Lajoxatbd  Tabgbt. 
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'^  The  2d  shot  Btrack  the  plates  on  the  crack  between  the  plates 
and  2^  feet  from  the  right  edge,  tearing  through  the  plates,  rub- 
ber, timber,  and  a  portion  of  the  beam,  making  a  hole  4  ft.  long, 
and  mean  width  10  in.  This  Bhot  forced  the  lower  plates  from 
the  upper  ones  3^  in.  on  the  left  edge,  and  over  1^  in.  on  the 
right  edge  of  the  shot-hole.  The  shot  passed  off  and  penetrated 
the  bank  15  fl.  Angle  of  shot,^  after  leaving  the  target,  9°.  The 
plate  is  indented  on  the  right  edge  of  the  hole  1^  in. ;  on  the  left 
edge,  1  in. ;  on  the  top  edge,  i  in. ;  on  the  lower  edge.  If  in.  The 
plates  are  cracked  from  the  lower  edge  of  the  shot-hole  No.  2  to 
the  lower  edge  of  shot-hole  No.  1.  The  bolts  appear  to  be  in 
good  condition  on  the  face  of  the  tai^t,  but  it  is  impossible  to 
ascertain  if  any  are  broken  in  the  rear  until  the  target  is  taken 
down.* 

SS7.  ExperimeBto  a^alBst  lAmlnated  Iron  Inclined  1ft* 
fk*oin  line  of  Fire  and  backed  by  India^Rnbber  and  Plne^ 
Sept.  16, 1M9.— (See  Table  132.)— '*  This  tai^t  was  made  of 
two  thicknesses  of  1-in.  wrought-iron  plates,  backed  by  If  in.  of 
rubber,  7  in.  of  yellow  pine,  and  3  beams,  12  in.  square,  running 
lengthwise  of  the  tai^t.  The  outer  layer  of  plate  consisted  of 
three  plates  placed  horizontally,  and  the  inner  layer  of  two  plates 
placed  perpendicularly.  The  rubber  was  placed  between  the 
plates  and  timber.  It  not  being  as  large  as  the  plates,  a  margin 
of  about  1  ft.  was  left  which  was  filled  in  with  pine  planks,  the 


*  Official:  From  SdenUfic  American,  Bee  26^  18S3. 
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whole  being  joined  together  with  thirty-two  IJ-in.  bolts.     The 

target  was  placed  against  a  solid  bank  of  clay,  with  planks 

in  its  rear  to  keep  the  clay  clear  of  the  timber.    Angle  of  incx- 
dence^  15°. 

^'  Dimensions :  Plates,  8  ft.  long,  6  ft.  8  in.  wide,  2  in.  thick. 

Rubber,  If  in.  thick.    Timber,  7  in.    Beams,  12  in.  square.    Gun, 

11  in.,  No.  214.     Chaiges  of  cannon  powder,  1862.      Projectiles, 

Cloverdale  cast-iron  solid  shot.     Primers,  friction  tubes. 
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"The  shot  struck  the  target  24  in.  from  the  right  edge  of  centre 
plate,  tearing  through  the  plate  and  rubber,  and  breaking  the 
timber  and  beam,  making  a  hole  2  ft.  8^  in.  in  length,  and  7^  in. 
mean  width.  Extreme  depth  of  hole,  9  in.  The  shot  passed  off 
and  penetrated  the  bank  15  ft.  Angle  of  shot,  after  leaving  the 
target,  9°.  The  plates  are  indented  at  top  edge  of  shot-hole  4  in. ; 
at  lower  edge,  3  in. ;  at  right-hand  edge.  If  in. ;  at  left-hand  edge, 
1^  in.     The  shot  has  a  small  piece  broken  out."* 

8ff8«  CxpertmenU  against  liaminated  Iron  Inclined  15° 
flrom  Une  of  Fire  and  backed  by  Indla^Rnbber  and  Pine, ' 
Hiov.  5,  lS6a.— (See  Table  133).—"  The  target  was  made  of  two 
1-in.  plates  (wrought-iron),  backed  by  two  1-in.  plates  of  rubber, 
7  in.  of  yellow  pine,  and  3  beams  running  lengthwise  the  target. 
The  rubber  was  placed  between  the  plates  and  timber,  and  the 
whole  joined  together  with  ten  IJ-in.  bolts.  The  target  was 
placed  against  a  solid  bank  of  clay,  with  timbers  in  its  rear  to  keep 
the  earth  dear  of  the  target.     Angle  of  incidence,  15°. 

*  Official:  From  Scientific  American^  Jan.  0,  1864. 
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"  Dimensions :  Plates,  8  ft.  long,  4  ft.  wide,  2  in.  thick.  Rub- 
ber, 2  in.  thick  Beams,  12  in.  square.  Timber,  7  in.  thick. 
Gun,  11  in.,  No.  214.  Charges  of  cannon-powder,  1862.  Pro- 
jectile, solid  Cloverdale  cast-iron  shot. 


TaBLK  CXXXin.— KxPBRIinSNTS  AQAIKBT  InCLINBD  IbON  AOT) 
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"  The  first  shot  struck  the  target  11  in.  from  lower  edge  and  30 
in.  from  top  edge  of  plates,  teaiing  through  the  plates,  rubber,  and 
timber,  and  breaking  the  lower  beam,  making  a  hole  28  in.  long 
and  6-8  in.  mean  width.  Shot  passed  off  and  penetrated  the  bank 
16  ft.  Angle  of  shot,  after  leaving  the  target,  10°.  The  plate  is 
indented  at  top  edge  of  shot-hole,  f  in. ;  at  lower  edge,  1 J  in. ;  at 
right  edge,  If  in. ;  at  left  edge,  IJ  in.  The  shot  broke  into  pieces, 
one  of  which  was  found  in  the  bank  (weight,  52  lbs.) 

"  The  second  shot  struck  the  target  on  the  right  edge  of  the 
plates,  and  12  in.  from  the  top,  tearing  through  the  plates,  rub- 
ber, and  timber,  making  a  hole  31^  in.  in  length  and  10-7  in. 
mean  width.  The  shot  passed  off  and  penetrated  the  bank  18  ft;. 
Angle  of  shot  after  leaving  the  target,  15°.  The  plates  are  very 
much  bent  on  the  right-hand  side,  and  the  timber  badly  shattered. 
The  cause  of  this  shot  striking  the  edge  was  occasioned  by  an 
error  being  made  in  sighting  the  gun  from  a  point  on  the  timber 
and  not  allowing  4  in.  for  tliickness  of  plates  and  rubber. '** 

8tS9.  i:xperlinent§  against  4i-Incli  Solid  Plate  backed  by 
India-Rubber  and  Oalc,  Jnljr  96,  1869. — (See  Table  134.) — 
"  This  target  was  made  in  the  Wasliington  Navy  Yard,  of  scrap- 

*  Official:  From  SdeiU^  Americom^  JaxL  9, 1864 
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iron,  4^  in.  thick,  backed  by  1  in.  rubber,  20  in.  oak,  and  a  1-in. 
wrought-iron  plate,  all  joined  together  by  six  IJ-in.  bolts,  and 
clamped  on  the  top  and  bottom  with  wrought-iron  clamps,  and 
set  up  firmly  against  a  clay-bank,  with  timber  in  the  rear  to  pre- 
vent it  from  being  forced  into  the  bank. 

"  Dimensions  of  plates :  8  ft.  3  in.  long,  4  ft.  2  in.  wide,  4^  in. 
thick.  Gun,  11  in. ;  'charges,  cannon  powder,  1862.  Projectiles, 
Cloverdale  cast-iron  solid  shot.     Primers,  friction  tubes. 


Table  GXXXIV.— Ezpkrimsmts  aoaihst  Solid  4i-lNGH  Plate  wtth  Rubbeb 
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^'  First  shot  at  plate  struck  the  plate  20  in.  from  the  left  side  of 
the  target,  and  18  in.  from  the  right  side,  throwing  the  target  for- 
ward on  its  face.  After  a  delay  of  about  li  hours,  the  target  was 
placed  in  its  former  position.  The  ball  entered  the  plate  and 
passed  through  the  rubber,  and  lies  embedded  in  the  plate  and 
first  course  of  timber,  with  its  rear  level  with  the  outer  surface  of 
the  plate.  The  plate  is  indented  on  the  right  side  of  the  hole,  IJ 
in. ;  on  the  left  edge,  i  in. ;  top  edge,  1 J  in. ;  lower  edge,  1 J  in. ; 
The  plate  is  not  bent  on  the  right  edge  of  the  target ;  on  left 
edge,  i  in.  The  plate  is  not  cracked  excepting  directly  around 
the  shot-hole,  which  is  cracked  very  slightly.  The  bolts  are  aU 
broken  in  the  rear  of  the  target,  but  on  the  face  of  the  plate  they 
appear  to  be  good.  The  last  two  courses  of  timber  are  broken  at 
the  centre  from  right  to  left  edges  of  the  tai^et,  and  have  sprung 
back  from  the  first  course  3  in.  on  the  right  edge  and  2^  in.  on  the 
left  edge.  The  first  course  of  timber  is  somewhat  shattered  and 
thrown  out  on  both  sides  of  the  target :  right  side,  2^  in. ;  left 
side,  5  in.     Diameter  of  shot-hole,  12  iu. 
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"  The  2d  shot  struck  the  plate  17i  in.  from  right  and  left  edges, 
and  lOi  in.  from  shot-hole  No.  1.  The  shot  threw  the  plate  on  its 
face  as  before,  which  occasioned  a  delay  of  two  hours  before  it 
was  placed  in  its  proper  position.  The  shot  broke  into  pieces, 
which  fell  out  when  the  target  was  thrown  dowti,  excepting  a 
small  portion  which  remained  in  the  hole.  This  shot  passed 
through  the  plate,  rubber,  and  first  course  of  timber,  and  entered 
the  second  course,  making  a  hole  16  x  80^  in.  in  diameter.  The 
extreme  depth  of  hole  is  14  in.  The  plate  is  indented  on  the 
right  edge  of  the  hole,  1  in. ;  on  the  left  edge,  f  in. ;  on  the  top 
edge,  1  in. ;  on  the  lower  edge,  1  in.  The  plate  is  bent  on  the 
right  side  of  the  tai^et,  i  in. ;  on  the  left  side,  |  in.  Opposite 
the  centre  of  the  shot-hole  No.  2,  the  timber  (first  course)  has 
sprung  out  on  the  right  side  6  in. ;  on  the  left  side,  6  in.  The 
back  plate  is  forced  back  from  the  timber  3  in.  at  the  centre. 
The  top  clamp  was  broken  in  two  places.  No  cracks  are  visible 
about  the  plate,  excepting  those  already  mentioned.  The  rubber- 
plate  was  furnished  by  Mr.  Bennett,  of  New  York,  last  May,  for 
trial,  as  above.  Dimensions,  as  follows :  8  ft.  long,  4  ft.  wide,  1  in. 
thick." 

860.  Continuation  op  Experiments  against  4J-Inch  Plate 

BACKED  WriH  RuBBBE  AND  TiMBEE,  JuLY  28, 1862. SaME  GuN  AND 

Chaege. — "  Third  shot  at  target  struck  the  plate  18f  in.  from  right 
side  of  target,  and  lOi  in.  from  the  left  side,  and  5^  in.  from  lower 
edge  of  shot-hole  No.  1,  passing  through  the  plate,  rubber,  and 
first  course  of  timber.  The  shot  broke  into  pieces,  several  of 
which  were  thrown  in  the  rear  of  the  battery,  and  several  were 
lying  in  front  of  the  tai^et.  The  main  body  of  the  shot  remains 
in  the  hole,  with  its  r^  9  J  in.  from  the  outer  surface  of  the  plate. 
The  plate  is  indented  on  the  top  edge  of  the  shot-hole,  |  in. ;  on 
the  lower  edge,  i  in. ;  on  the  right  edge,  \i  in. ;  on  the  left  edge, 
f  in.  The  plate  is  bent  on  the  right  side  li  in. ;  on  the  left  side. 
If  in.  In  the  right  side  of  the  shot-hole  No.  2,  the  plate  is  cracked 
from  the  edge  of  the  hole,  13  in. ;  on  the  left  side  there  is  also  one, 
extending  10  in.  from  the  edge  of  the  hole.  Between  the  shot- 
holes  No.  1  and  No.  2,  there  is  a  crack  from  edge  to  edge  of  the 
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Fu.  389. 


holes ;  and  between  shot-holes  No.  1  and  No.  3,  there  is  a  piece 
broken  oat  measuring  2{  in.  at  the  top  and  5f  in.  at  the  bottom. 
On  the  right  edge  of  the  plate  is  also  a  small  crack.    The  lower 

damp  is  broken.  The  first 
coarse  of  timber  is  completely 
broken  ap  and  tlirown  oat  at 
the  sides;  the  second  coarse  is 
somewhat  broken.  The  target 
was  forced  oat  7  in.  from  its 
position;  it  being  secared  by  a 
rope,  leading  from  a  tree  in  the 
rear,  prevented  its  falling  on 
its  face  as  before."* 

861.  Expertmenta  against 
S-Incli  Plate  and  Target  of 
Ban ;  Parrott  10-Inch  Rifle, 
Feb.0, 1963. — In  this  experi- 
ment, condacted  at  the  West 
Point  Foandry,  the  plate  was 
made  of  soft  hammered  scrap- 
iron,  6  ft.  4  in.  long,  2  ft.  6i  in. 
wide,  and  8  in.  thick,  well  sap- 
ported  at  the  rear,  bat  withoat 
backing.  At  100  yards  range, 
a  232-lb.  cast-iron  shot,  with 
chilled  head  (589),  fired  with 
28  lbs.  of  powder,  broke  the 
plate  as  shown  at  Fig.  389,  and 
indented  it  1  in.,  and  bulged 
it  1  in.,  as  shown  at  Fig.  390. 
869.  The  same  gan  was 
then  fired  at  a  target  b^  ft. 


S-in.  solid  plate— Parrott  10-in.  rifle. 


sqnare  (Fig.  391),  composed  of  3  layers  of  bars,  7t^  in.  in  aggregate 
thickness,  backed  and  bolted  to  15^  in.  of  oak.  Weight  of  shot,  232 
lbs. ;  charge,  28  lbs. ;  range,  100  yards.  The  resalt  is  shown  by  Fig. 


*  Official:  From  Sdent^fie  American,  Deo.  26,  1863. 
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392.    Of  the  25  bolts,  23  were  broken  out.    The  indentation  was 
llf  in. 

863.  Iron-Clad  AUanta;  15-Ineli  BalL— In  1863,  a  15^in.  ball 
from  the  "  Monitor"  Weehawken  smashed  in,  at  about  300  yards 
range,  the  armor  of  the  Confederate  iron-clad  Atlanta  (Fig.  393), 
and  completely  disabled  her.  An  11-in.  169-lb.  ball,  with  20  Iba.  of 
powder,  did  not  break  through  the  same  armor.  The  casemate  of  the 
Atlanta  was  inclined  35°  from  the  horizon,  and  was  composed  of 
laminated  armor  of  the  aggregate  thickness  of  4^  in.,  backed  by 
2^  ft.  of  yellow  pine,  as  shown. 

864.  Experimenu  against  K^Incli  Solid  and  EAminated 
Target;  1ft  and  11-Incli  Onns,  1§63.— In  the  Spring  of  1863, 

Pro.  390. 


Section  of  Fig.  380  at  point  of  impact. 

at  the  Washington  Navy  Yard,  a  15-in.  spherical  shot,  weighing  400 
lbs.,  was  fired,  at  200  yards  range,  with  40  lbs.  of  powder,  at  a  target 
(Figs.  394,  395,  and  396),  composed  of  a  4i-in.  plate  3^  ft.  wide, 
and  15  ft.  high,  backed  with  5^  in.  of  1'1-in.  plates  (10  in.  of  iron 
in  all),  and  20  in.  of  oak. 

A  disk  was  broken  ont  of  the  4i-in.  plate  (a.  Fig.  395),  and  the 
thin  plates  were  indented,  but  not  broken.  The  wood  was  a  little 
crushed;  but  the  shock  was  so  great  that  nearly  all  the  bolts 
were  jerked  out  or  broken,  and  the  plate  was  ready  to  be  dislodged 
and  thrown  off  by  a  slight  additional  vibration. 

865.  In  1863,  an  11-in.  spherical  cast-iron  169-lb.  shot  was  fired 
at  the  foregoing  target,  at  200  yards  range,  with  30  lbs.  of  powder. 

A  disk  (Fig.  397)  was  broken  out  of  the  4i-in.  plate  (e,  Fig.  395), 
leaving  an  indentation  ^  in.  deep ;  and  about  half  the  bolts  were 
broken,  and  some  of  them  were  thrown  out 

866.  fixperimenti  against  14-Incli  Target;  ll-Incli  Chin, 


Experiments  against  Armor. 


735 


l§6a.— Early  in  1863,  an  ll-in.  169-lb.  spherical  cast-iron  shot  was 
fired,  at  about  50  yards  range,  with  30  lbs.  of  powder,  at  a  target 
(Fig.  398)  14  in.  thick,  and  about  7  ft.  square,  composed,,  where 
the  shot  struck  it,  of  six  1-in.  plates,  one  4-in.  plate,  and  four  1-in. 
plates  without  wood  backing.  The  target  was  planted  against 
a  heavy  timber  frame-work,  which  abutted  against  the  cap-stones 
of  a  sea-wail. 


Pio.  391. 


1 1  jsJjm^^>^  * 


Target  of  bare.    Parrott  10-in.  rifle. 


Section  of  Fig.  391  afler  firing. 

The  blow  of  the  shot  produced  a  small  local  effect  The  inden- 
tation was  about  5  in. ;  the  outer  1-iii.  plate  was  cracked  across, 
and  the  back  plates  were  bulged  2  or  3  in. ;  but  the  whole  target 
and  frame-work,  and  the  earth  and  the  sea-wall  behind  it, 
were  shoved  bodily  backwards  several  inches.  Nearly  all  the 
through-bolts,  some  40  in  number,  were  loosened,  and  some  of 
them  were  broken  off  in  the  thread  of  the  screw  at  the  rear. 
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86^«  ExperhneMU  against 

Gaa,  1S68. — At  the  Washington  Navy  Yard,  in  the  spring  of 


FiO.  393. 


Gro88-flectioD  of  the  Confederate  iron-clad  AUasda. 

1863,  a  10-in.  130-lb.  cast-iron  spherical  shot  was  fired  with  43 
lbs.  of  powder;  range,  200  yards ;  throngh  a  target  composed  of 
6  plates,  making  an  aggregate  thickness  of  6^  in.,  backed  bj  18  in. 
of  oak.    The  target  was  the  same  as  that  nsed  with  the  15-in.  shot 


FiO.  394. 


Fio.  396. 


^^ 


Side  of  10*in.  target  for  15-in.  gun. 
Scale,  x'«  in  to  1  ft 


Front  of  10-in.  target 


(864),  except  that  the  outer  4r^in.  plate  was  removed.  The  shot  made 
a  clean  breach  (Fig.  309),  and  passed  some  100  yards  to  the  rear. 
868.  ExpertmenU  agaiasl  4MmcIi  P.atc,    1S68.— A  4f 

in.  plate  98^  in.  long,  and  48  in.  wide,  backed  with  20  in.  of  white- 
oak,  and  a  1-in.  skin,  was  set  against  a  bank  of  earth,  and  knocked 
to  pieces  (as  shown  Fig.  400)  by  the  following  shot,  viz. : 
1  cored  cast-iron  spherical  11-in.  163-lb.  shot,  30  lbs.  powder. 
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Fia.  396. 


1  steel  flat-fronted  40-7-lb.  shot,  8  lb&.  powder. 
1  spherical  wrought-iron  53-lb.  shot,  17  lbs.  powder. 
1  solid  cast-iron  spherical  11-in.  169-lb.  shot,  30  lbs.  powder. 
860.  fixperlmeiita  against  Ifaihoa  4i-Iiich  Plate ;  11-Inch 
Onni,  1§63. — The  Nashua  Iron  Works  forged  plate  (Fig.  401), 
upon  which  tliis  experiment  was  made,  was  40  in.  wide,  4J  in. 
thick,  and  16  ft.  long.     It  was  backed  with  20  in.  of  oak,  and  a 

1-in.  iron  skin.  At  the  range  of 
30  yards,  three  11-in.  169-lb. 
spherical  cast-iron  balls,  and 
three  186-lb.  wrought-iron  balls 
were  fired  in  the  order  marked 
on  the  engraving,  with  30  lbs. 
of  powder. 

The   plate   was   considerably 

bulged   and   cracked,   and   was 

broken  to  pieces  at  one  end  by 

the  5th  shot     No  breach  was 

made  through  the  entire  target 

870.  Experiments  on  5i,  ei,  and  7i-Incli  Plates  Rolled  by 

IHeMn.  JTolin   Brown   Sl  Co.,  Harcli  17,  1863. — The    plates 

were  of  the  following  dimensions  and  weights : 


Sectkni  of  10-in.  target 


No.  1.  13  ft.  4  in.  X  3  ft.  6i  in.  x  5i  in. 
No.  2.  12  ft.  2i  in.  X  3  ft.  7i  in.  x  6i  in. 
Na  3.  11  ft.  9i  in.  X  3  ft.  8}  in.  X  7i  in. 


cwt 

98 
103 
116 


qre. 

1 


lbs. 
6 
0 

10 


Fia  397. 


FlO.  398. 


47 


14-ixL  target— 1  Ma.  balL 
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FlO.  399. 


They  were  seciired  by  2^  in.  oonical-headed  bolta,  with  double 
nuts,  to  the  frame  of  Mr.  Samuda's  target  (2^  in.  thick),  and 
were  backed  by  timber  for  one-half  their  length.  The  5f4n. 
plate  by  9  in.,  the  G^-in.  plate  by  8  in.,  and  the  7i-in.  plate  by  7 
in.,  8o  that  the  front  of  the  target  presented  a  plane  Bnrfiuse ;  India- 
rabber  washers  were  placed  under  the  bol^heads. 

The  plates  were  divided  into  com- 
partments by  seven  vertical  lines 
numbered  from  1  to  7,  and  by  three 
horizontal  lines ;  the  backed  portion 
of  the  plate  extending  fi*om  1  to  4, 
and  the  unbacked  portion  from  4to  7. 

The  guns  used  in  the  experiment 
were: 

One  300-pounder  Armstrong  muz- 
zle-loading shunt  gun. 

One  Lynall  Thomas's  9-in.  gun.' 

One  Whitworth  130-pounder  muz- 
zle-loading rifled  gun. 

One  110-pounder  Armstrong 
breech-loading  rifled  gun. 

One  68-pounder  smooth-bore,  95 
cwt 

Remabks.— (See  Table  135.) 

No.  1  (68-pounder).  Struck  the 
5'5-in.  plate,  9  in.  to  tlie  right  of  3 
vertical  and  11  in.  below  2  horizon 
tal ;  the  plate  driven  in  at  the  bot- 
tom 4  in.  in  a  length  of  2  ft. 

No.  2  (68-pounder).  Struck  the 
7'5-in.  plate,  3  in.  to  the  left  of  5  vertical  and  8  in.  below  2  horizontal 

No.  3  (68-pounder).  Struck  the  6-5-in.  plate,  6  in.  to  the  left  of 
4  vertical  and  8  in.  below  2  horizontal.  At  the  back,  after  these 
three  rounds,  one  nut-head  oflF  the  top  right  of  target,  and  the 
lead  and  India-rubber  washers  of  two  through-bolts  squeezed  op. 


Section  of  6f4ii. 
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No.  4  (llO-pounder).  Struck  the  6-5-in.  plate,  4  in.  to  the  right 
of  6  vertical  and  3'5  in.  above  2  horizontal ;  a  bolt,  14  in.  from 
impact,  started  '3  in.,  and  a  narrow  crack,  8  in.  long,  on  indent. 

No.  5  (llO-pounder).  Struck  the  6*5-in.  plate,  3  in.  to  the  right 
of  6  vertical  and  5  in.  above  2  horizontal. 

No.  6  (llO-pounder).  Struck  the  7'5-in.  plate,  6  in.  to  the  left 
of  6  vertical  and  8  in.  above  2  horizontal.     At  the  back,  after 


Pio.  400. 


4i-m.  Dahlgren  target.    No.  6. 


rounds  4,  5,  and  6,  two  rivet-heads  off;  a  bulge  and  lateral  crack 
across  it  on  the  6-5-in  plate ;  tlie  backs  of  the  6-5-in.  and  7-5-in. 
I)late8,  where  struck,  could  not  be  seen. 

No.  7  (300-pounder).  Struck  the  7-5-in.  plate,  8  in.  to  the  left 
of  4  vertical  and  7'5  in.  above  2  horizontal,  on  a  rib ;  the  top  of 
the  plate  was  driven  in  1-3  in.  in  a  length  of  7  ft. ;  bolt  above 
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the  hole  made  bj  this  shot  started 
'9  in. ;  a  narrow  crack  4  in.  long 
from  the  top  of  the  plate;  the 
riglit  side  of  the  plate  started  out 
from  the  backing  '7  in.  at  top 
and  '8  in.  at  bottom;  the  left 
side  started  out  '5  in.  at  top  and 
'7  in.  at  bottom ;  the  shot  set  up 
2*25  in.,  and  was  cracked  at  the 
side  through  the  '^  aillette^*  holes, 
and  also  across  the  rear.  At  the 
back,  twenty  rivets  broken;  no 
nuts  off  the  through  bolts,  but 
many  washers  much  compressed 
and  altered  in  form,  and  two  iron 
tires,  for  resisting  the  spread  of 
the  washers,  driven  off,  and  one 
broken ;  angle-iron  on  vertical 
rib  cracked  through  and  bent 
out;  horizontal  angle-iron  cracked 
and  started  considerably ;  fast- 
enings of  heavy  iron  shelf-piece 
broken  and  shelf-piece  ready  to 
give  way.  This  plate  exhibited 
a  considerable  amount  of  fibre  in 
the  hole  made  by  the  shot  to  a 
depth  of  8  in.  from  the  front  of 
the  plate. 

No.  8  (300-pounder).  Struck 
the  5*5-in.  plate,  1  ft.  to  the  right 
of  2  vertical  and  7  in.  below  2 
horizontal;  the  shell  completely 
penetrated  the  plate  and  burst 
in  the  backing,  the  hole  being 
filled  with  portions  of  the  shell. 
The  diameter   of  the   hole   was 


Fig.  401. 


Naabna  4i-iiL  pl«te»  after  six  ll-io.  shot 
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14  in.  X  14*3  in. ;  the  plate  was  driven  in  1*8  in.  in  a  length  of  4 
ft.,  and  cracked  from  the  bottom  of  the  hole  to  the  bottom  of  the 
plate,  and  was  forced  np  from  the  centre  plate  *5  in.  in  a  length 
of  4  ft. ;  started  from  backing  '7  in.  at  left  side ;  bolt  in  top  row 
of  centre  plate  started  3  in.;  outside  balk  of  timber  backing 
driven  out  at  the  side  1*7  in.  and  split  through  its  thickness  at  the 
top,  and  the  backing  at  point  of  explosion  completely  destroyed 
and  fired.  At  the  back,  one  vertical  rib  and  angle-iron  broken ; 
inner  skin  and  additional  iron  plates  (riveted  to  back  of  skin)  rent 
and  bulged ;  depth  of  fracture  and  bulge  14  in.  over  an  area  of  3 
x3  It.;  horizontal  angle-iron  along  the  top  cracked  and  thrust 
out ;  washers  more  squeezed,  and  more  rivets  off. 

No.  9  (Whitworth  7-in.  rifle).  Struck  the  6*6-in.  plate  6*5  in. 
(measuring  from  circumference  to  circumference  of  the  holes)  to 
the  right  of  the  last  round,  and  6  in.  below  2  horizontal,  pene- 
trated the  plate,  and  burst  in  the  backing ;  the  timber  backing 
from  the  hole  to  the  top  of  the  target  was  completely  blown  out 
at  the  top;  diameter  of  hole,  9*5  in.  x  9  in.,  a  narrow  crack  uniting 
the  two  holes.  At  the  back,  a  slight  increase  of  breakage  of  rib 
and  thrusting  out  of  fragments  of  skin  and  its  support ;  wooden 
fibre  of  backing  more  protruding. 

No.  10  missed  the  target. 

No.  11  (L.  Thomas's  9-in.  rifle).  Struck  at  the  junction  of  the 
6'5-in.  and  7|-in.  plates  on  unbacked  portion  of  plates ;  the  great- 
est depth  on  7*5  in.  was  5*95  in.,  and  on  6*5  in.  was  4  in.,  the 
total  length  of  plate  driven  in  was  7  ft.  6  in. ;  the  6*5-in.  plate 
was  much  cracked  for  a  semicircle  of  9  in.  from  the  top ;  a  crack 
•6  in.  wide  extended  from  the  right  from  the  semicircle  for  a 
length  of  1  ft.  5  in.,  passing  through  a  bolt-hole ;  a  crack  2*5  in. 
long  from  the  left  of  semicircle,  and  a  crack  from  the  top  of  the 
plate  to  a  bolt-hole  at  1  ft.  9  in.  from  impact.  On  the  7'6-in. 
plate  a  crack  -7  in.  wide  extended  from  the  bottom  of  the  plate 
to  a  bolt-hole  at  11  in.  from  point  of  impact,  and  the  plate  cracked 
round  parallel  to  the  indent  and  11  in.  above  it.  At  the  back, 
the  6*S  in.  plate  was  cracked  through  and  opened.  Four  rivet- 
heads  off;  vertical  rib  and  angle-iron  cracked  through.  The  shot 
set  up  5*5  in. 
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No.  12  (L.  Thomas's  9-in.  rifle).  Struck  the  lower  edge  of  the 
7'5-in.  plate  on  a  bolt,  made  a  semicircular  hole,  measuring  1  ft. 
9  in.  X  12*5  in.  and  7'5  in  deep.  At  the  back,  one  rib  and  angle- 
irons  broken;  two  other  ribs  much  bent,  and  their  angle-irons 
broken ;  inner  skin  and  supporting  plate  bulged  and  fractured ; 
extent  of  damage  over  a  surface  of  4  x  2  ft. ;  bulge  of  skin  about 
6  in. ;  old  loosened  shelf-piece  wholly  detached  and  fallen ;  two 
through-bolts  broken ;  one  driven  out.  The  shot  broke  in  half, 
longitudinally. 

No.  13  (300-pounder).  Struck  the  7'5-in.  plate  on  5  vertical 
and  8  in.  above  2  horizontal ;  plate  driven  in  3*75  in.,  and  slight 
crack  across  indent.  Back  of  plate  showed  a  large  7-starred 
crack ;  fissures  of  cracks  '2  in. ;  considerable  bulge  of  plate ;  ad- 
joining rivets  off.     Major  diameter  of  shot,  after  firing,  13  in. 

871.  Experimento  against  4i-Incli  Itolld  Plate,  Faced 
uith  4  Indies  of  Rnbber,  and  backed  mritli  dO  Inches  of 
Oak,  May  18, 1863. — ''  This  target  was  made  of  one  4^in.  scrap- 

PiG.  402. 


4^in.  plate,  faced  with  4-in.  rubber,  after  three  ll-inch  shot. 


iron  plate,  backed  by  20  in.  of  solid  oak.     On  the  face  of  the 
plate  were  placed  4  thicknesses  of  1-in.  rubber  plates,  the  whole 
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being  fastened  together  with  8  nnt-bolts,  with  square  heads.     The 
target  was  placed  against  a  bank  of  solid  clay. 

Dimensions :  Plates  8  ft.  long,  4  ft.  wide ;  rubber,  4  in.  thick ; 
plate,  4J  in.  thick ;  timber,  20  in.  thick.  Gun  11  in..  No.  214  (A. 
F.);  charge,  30  lbs.  of  cannon  powder.  Projectiles,  cast-iron 
solid  shot  I  Cloverdale  iron,  and  ^  Hopkins's  iron. 


Table  CXXXYI. — ^Ezpbrimsnts  against  4^-in.  Platk  backed  with  Rubbbb. 


9 

i 

\ 

1 

i 

1^ 

1 
1 

§ 

1  p. «. 

164 

I 

30 

169.5 

106 

... 

87 

;  a.58 

i6s 

% 

30 

168 

106 

... 

87 

-j-.o 

166 

3 

30 

168 

106 

87 

3  as 

"The  first  shot  struck  near  the  centre,  and  17i  in.  from  the 
right  edge,  and  16f  in.  from  the  left  edge  of  the  plate,  passing 
through  the  rubber  and  plate,  and  embedding  itself  in  the  2d 
course  of  timber,  with  its  rear  9  J  in.  from  the  outer  surface  of  the 
plata  All  the  rubber  was  forced  off  and  fell  about  15  ft.  in  front, 
and  a  little  to  the  left  of  the  target  The  rubber  plate  nearest 
to  the  iron  was  the  only  piece  that  was  separated  in  two  parts. 
Diameter  of  shot-hole  in  the  iron,  14  in. ;  7^  in.  above  the  shot- 
hole,  there  is  a  crack  in  the  plate  21  in.  long,  extending  cross- 
wise the  target,  and  5^  in.  below  the  shot-hole  is  also  a  crack 
extending  downward  20  in.  Three  timbers  in  the  last  course 
are  broken,  and  2  driven  back  3^  in.  on  the  right  side,  and  2^  on 
the  left  side. 

873.  Samb  Taboet  wtthout  Rubbkb.  —  "The  second  shot 
struck  17  in.  from  the  right  edge,  16  in.  from  the  left  edge,  and 
21  in.  below  the  first  shot-hole,  passing  through  the  plate  and 
embedding  itself  in  the  third  course  of  timber,  with  its  rear  17  in. 
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from  the  outer  surface  of  the  plate.  The  plate  ifl  cracked  across 
from  the  right  to  the  left  edge  of  the  plate,  and  from  this  shot  to 
shot-hole  Ko.  1.  The  lower  edge  of  the  plate  was  started  forward 
from  the  timber  2^  in.  The  timber  in  the  rear  is  somewhat  shat- 
tered. 

^^  The  third  shot  struck  the  plate  in  the  middle,  near  the  top  edge, 
splitting  the  plate  from  the  top  to  the  bottom,  separating  it  at  the 
top  5  ft.,  and  breaking  the  plate  into  6  pieces.  One  piece  of  shot, 
weighing  86  lbs.,  was  found  52  ft.  in  the  rear  of  the  target.  Some 
of  the  fragments  of  the  plate  were  thrown  46  ft.  to  the  rear  of  the 
target.  One  large  piece  of  timber  was  thrown  to  the  rear,  passing 
through  a  fence,  carrying  away  8  palings,  and  lodging  against  a 
stump  165  ft;,  from  the  target.  Another  piece  was  found  lying  80 
ft;,  from  the  target.  The  timber  backing  is  shattered  to  pieces. 
None  of  the  bolts  were  broken. 

''The  damage  to  the  target  by  the  first  shot  was  quite  as  great 
as  all  other  first  shot  (11-in.)  at  similar  targets."* 

873.  EzperlmeDts  against  tlie  Clialmert  Target  con- 
stracted  at  the  Mlllwall  Iron  TTorks,  April  97,  1M3. — 
The  target  (Fig.  403,  13  ft;.  4  in.  long  by  10  ft.  high),  was  com- 
posed of  3  f-in.  armor-plates  backed  by  alternate  layers  of  timber 
and  iron  lOf  in.  thick,  placed  horizontally,  and  bolted  tc^ether ; 
then  a  second  armor-plate  IJ  in.  thick,  with  a  cushion  of  timber 
Bf  in.  thick  between  it  and  the  f -in.  plate  forming  the  akin  of  the 
ship ;  the  iron  plates  used  in  the  backing,  between  the  1st  and 
2d  armor-plates,  were  }  in.  thick  and  6  in.  apart  from  centre  to* 
centre.  The  armor-plates  were  secured  to  the  skin  by  through- 
bolts  2^  in.  in  diameter,  having  stepped  conical  necks  and  a  square 
thread,  with  double  nuts  and  India-rubber  washers.  An  iron 
plate,  f  in.  thick,  was  riveted  on  each  end  of  the  target,  and  a  »-in. 
plate  on  the  top.  The  target  was  supported  against  one  of  the 
Hawkshaw  targets. 

Weight,  per  raperficial  foot,  Chalmers  target. 371  Ibt. 

Do.  do.  H^arrhr       do ••••••  341    ^ 

Range,  xoo  yards. 

*  Offloial:  Sdentific  Anmiean,  Jao.  16,  1864. 


Tajuji   CXU.^OBxmAVci   Onimirnui's   Rxraunyri   bimcm  Ociosn,   1859,  ov 
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!No.  6  (110-poimder).  iiit  at  junction  of  upper  and  caitre 
plates  4  ft.  from  right  side.  Centre  plate  started  *25  in.  at  rigLt 
side.  • 
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No.  7  (llO-pounder).    Hit  upper  plate  1  ft.  3  in.  from  bottom. 
and  6  ft.  6  in.  from  right  side. 

No.  8  (110-pounder),     Hit  upper  plate  1  ft  6  in.  from  bottom. 
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and  4  ft.  5  in.  from  left  side.  At  back  of  target,  after  roands  6, 
7,  and  8,  one  rivet-head  was  off,  and  a  slight  curvature  of  one  dde 
of  a  double  rib. 

No  9.  (6f^-{>ounder).  Struck  lower  plate  6  in.  fix>m  bottom,  and 
4  ft.  3  in.  from  right  side. 

No.  10  (G8-pounder).  Struck  lower  plate  1  ft.  3-5  in.  from  bot- 
tom, and  4  ft.  5  in.  from  left  side.  The  crack  from  bolt-hole 
made  by  round  No.  5  much  widened,  and  now  extends  to  bottom 
of  plate ;  three  small  cracks  on  the  indent  of  round  No.  5. 

No.  11  (llO-pounder).  Struck  the  top  plate  1  ft.  2  in.  from  left 
side,  and  1  ft.  6  in.  from  the  bottom.  A  wide  crack  on  Kaee  of 
indent.  The  plate  was  forced  up  -5  in.  from  the  centre  one,  and 
started  1*6  in.  at  the  bottom,  and  1*3  in.  at  top,  on  left  side,  and 
had  started  from  the  backing  for  a  length  of  3  ft.  from  the  left 
8ide.  Three  rivets  broken  in  the  |-in.  plate  on  left  side  of  the 
target. 

No.  12  (llO-pounder).  Struck  the  centre  plate  1  ft;.  4  in.  from 
the  top,  and  2  ft.  25  in.  from  left  side.  Plate  cracked  slightly 
in  indent,  and  a  narrow  crack,  2  ft.  long,  6  in.  above  indent 
Plate  started  1*4  in.  at  top,  and  1*3  in.  at  bottom,  on  left  side. 
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No.  13  (llO-pounder).  Stnick  the  lower  plate  1  ft.  4*5  in.  fix>m 
the  left  side,  and  1  ft.  3*5  in.  from  bottom.  A  crack  7*5  in.  long, 
8  in.  to  left  of  indent ;  lower  left-hand  bolt  started  *6  in. ;  the  plate 
started  2  in.  at  bottom,  and  1*3  in.  at  top,  on  the  left  side.  Seven 
rivetrheadfl  were  broken  off  bj  the  kst  three  roonds. 

No.  14  (68-pounder).  Stmck  the  centre  plate  8  in.  below  ronnd 
No.  4  (from  centre  to  centre).  The  indents  of  the  2  ronnds 
measure  16  in.  in  length ;  a  crack  3*5  in.  long  on  indent,  and  5 
cracks  on  indent  of  round  No.  4 ;  plate  started  '1  in.  on  right  side. 
No  damage  to  rear  of  target. 

No.  15  (110-pomider).  Stmck  top  plate  9  in.  from  bottom,  and 
5  ft.  5  in.  from  left  side. 

No.  16  (llO-pounder).  Hit  centre  plate  9  in.  from  bottom,  and 
5  ft.  11  in.  from  left  side. 

No.  17  (llO-pounder).  Hit  lower  plate  6  in.  from  round  No.  10 ; 
indent,  very  slight.  At  the  back,  three  inner  armor-plate  bolts 
broken. 

Nos.  IS,  19,  and  20  (salvo  of  llO-pounders).  Struck  centre  plate 
in  a  space  1  ft.  3  in.  square.  Bound  18  struck  at  1  ft.  2.  in.  from 
bottom  of  plate ;  round  19,  at  1  ft. ;  and  round  20,  at  edge  of 
plate.    At  the  back,  3  rivet-heads  off  and  2  ribs  slightly  buckled. 

No.  21  (6S-pounder).  Struck  3  yards  short ;  passed  under  the 
target,  grazing  lower  plate. 

Nos.  22,  23,  24  (llO-pounder),  25,  26  (68.pounder).  Salvo. 
Struck  on  the  right  end  of  the  upper  plate.  Two  68-pounder  shot 
and  one  llO-pounder  struck  in  a  space  measuring  2  ft.  7  in.  x 

1  ft.,  the  llO'pounder  at  the  junction  of  the  centre  and  upper 
plates,  and  the  two  68-pounder8  on  a  bolt,  the  two  indents  of  the 
latter  measuring  14  in.  in  length ;  the  upper  plate  driven  in  4  in. 
at  the  bottom,  below  the  68-pounder  indents ;  wide  cracks  on  each 
Bide  of  68-pounder  indents.     Indents  of  llO-pounder,  2*5  in.  and 

2  in.  respectively ;  cone  (remains  of  shot)  stuck  in  one  indent ; 
wide  crack  across  right  68-pounder  indent,  extending  to  a  bolt- 
hole  ;  crack,  5  in.  long,  from  top  of  centre  plate  below  68*poundcr 
indents.  Upper  plate  forced  up  '75  in.  At  the  back,  one  through- 
bolt  broken  and  driven  out  (fracture  not  in  thread  of  screw,  but  in 
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shank);  one  rib  buckled.  Two  small  bolts  (bolting  the  wood  back- 
ing to  the  skin)  started  '2  in.  and  '5  in. 

No.  27  (300-pounder  elongated  steel  bolt).  Struck  at  the  junc- 
tion of  the  centre  and  upper  plates,  at  4  ft.  4  in.  from  the  left  edge 
of  the  target,  and  on  a  bolt ;  penetrated  the  target,  and  made  a 
hole  14-5  X  13  in.  At  the  back,  fragments  of  plate,  backing,  &c., 
driven  through ;  large  irregular  hole,  2  ft.  x  1  ft.  6  in. ;  general 
bulge  of  skin  over  4  ft.  6  in.  x  3  ft.  6  in. ;  one  rib  smashed  and 
driven  back  1  ft.  6  in.,  ragged  inner  skin  sticking  out  1  ft. ;  many 
adjoining  rivet-heads  oflf.     The  shot  set  up  1-93  in. 

No.  28  (300-pounder  spherical  cast-iron  shot).  Struck  at  the 
junction  of  the  upper  and  centre  plates,  at  3  ft.  6  in.  from  light 
side  of  the  target ;  penetrated  to  a  depth  of  11  in.,  and  made  a 
hole  in  frout  of  the  target  measuring  14  in.  x  11  in. ;  two  through- 
bolts  broken— one  at  16  in.  from  point  of  impact ;  five  inner  armor- 
plates  broken,  and  one  driven  in  3  in. ;  five  rivets  broken ;  a  rib 
bulged  out  2  in.  in  a  length  of  4  ft.,  and  another  rib  bent  '5  in.  in 
a  length  of  3  ft. ;  considerable  bulge  of  skin  over  a  space  of  3  x  2 
ft.,  and  the  skin  opened  "5  in.  at  the  junction  of  the  plates ;  one 
angle-iron  of  rib  broken.  When  the  front*  armor-plate  was 
removed ;  the  backing  was  found  to  have  been  affected  for  about 
3  ft.  6  in.  on  each  side  of  the  hole,  being  2  in.  out  of  the  plane  at 
the  greatest  depth. 

No.  29  (300-pounder  spherical  cast-iron  shot).  Struck  the  lower 
plate  10  in.  from  the  right  side,  and  8  in.  from  the  top,  touching 
a  bolt ;  made  a  hole  in  the  target  12  in.  in  diameter,  and  penetra- 
ted to  the  depth  of  12  in. ;  shot  broke  up  in  the  hole ;  the  upper 
right-hand  comer  of  the  plate,  the  sides  measuring  11x9  in.,  was 
detached,  and  forced  4  in.  into  the  backing  at  the  side  next  the 
hole ;  two  inner  armor-plate  bolts  and  three  rivets  were  broken  ; 
the  skin  was  slightly  bulged  over  a  space  of  2  ft.  x  1  ft.  6  in.,  and 
was  cracked  for  a  length  of  12  in.,  the  crack  being  *6  in.  wide  in 
the  widest  part ;  one  angle-iron  of  rib  broken,  and  the  India-rub- 
ber washers  of  the  through-bolts  much  compressed. 

875.  Ezpeiimenti  on  Mr.  Georire  €lark*f  Taryet,  July  7, 
1868.— Length  of  target,  13  ft.  6  in. ;  height,  10  ft.     The  face 
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coBBisted  of  seyen  MiUwaU  Iron  Works  plates,  each  about  7  x 
3  ft.  X  3  to  5^  in.,  and  numbered  from  1  to  7.  The  backing  con- 
sisted of  horizontal  cells,  5  in.  wide  x  7  in.  deep,  formed  of  angle- 
irons  \i  in.  thick,  doyetailed  into  the  plates,  and  also  fastened  by 
ten  2^  and  3-in.  bolts.  Under  plates  1,  3,  and  6,  these  cells 
were  filled  with  millboard ;  under  the  rest,  with  end-grain  teak, 
the  fastening  being  modified  and  complicated.  In  fact,  the  target 
consisted  of  seven  distinct  targets,  all,  however,  constructed  on  the 
principle  of  cellular  backing.  The  target  received  nine  shots  from 
68-pounders,  two  from  llO-pounders,  and  a  salvo  from  three  110- 
pounders  and  two  68-pounders,  the  result  of  which  was  the  knock- 

TaBLE  CXXXIX. — EZPBBOfBNTS  AOAUfST  ^'lS.   PlaTS  FACED  WITH  12-IN.   OaK. 
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ing  off  of  many  rivets  and  through-bolts,  and  the  breaking  through 
of  the  plates  when  struck  on  their  edges.  A  150-lb.  shot,  with  50 
lbs.  powder,  from  the  lO^-in.  gun,  and  a  300-lb.  live  steel  shell, 
loaded  with  15  lbs.  bursting  chaise,  and  fired  with  35  lbs.  of  pow- 
der, went  entirely  through  and  beyond  the  thickest  part  of  the 
target. 

876.  ExperimeDts  against  4f>Incli  Solid  Plate  fskced  wltli 
13  Inches  of  Oak  and  liaeked  with  dO  Inches  off  Oak,  Hajr 
39,  1M3. — ^'  This  target  was  made  of  one  4^  in.  scrap-iron  plate, 
backed  by  20  in.  of  solid  oak,  and  faced  with  12  in.  oak,  on  the 
plan  of  Mr.  Heaton.  The  plate  was  joined  to  the  rear  timber 
with  four  wood  screw-bolts,  and  the  facing  timber  was  secured  to 
the  rear  timbers  with  six  square-headed  bolts  with  nuts.  The 
tai^t  was  placed  against  a  bank  of  solid  clay. 

"  Dimensions  of  target :  Plate,  4  ft.  long,  4  ft.  wide,  4^  in.  thick. 
Hear  timber,  20  in. ;  facing  timber,  12  in.  thick.  Gun,  No.  214, 
48 
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A.  F.     Charges,  cannon  powder.    Projectiles,  solid  cast-iron  shot 
— }  Cloverdale  iron  and  J  Hopkins's  iron. 

"  Shot  struck  16  in,  from  top  edge,  17  in.  from  lower  edge,  and 
16^  in.  from  right  and  left  edges  of  target,  passing  dear  through 
the  facing  timber,  plate,  and  rear  timber,  and  embedding  itself  3  ft. 
6  in.  in  the  bank  in  rear  of  target  Diameter  of  hole  in  iron, 
15^  in. 

Fio.  404. 


Front  of  4i-iiL  plate,  with  12-ixL  oak  teiciag,  after  one  ll-inch  shot 

"  The  top  and  middle  courses  effacing  timber  were  completely 
shattered,  and  the  whole  top  course  and  a  portion  of  the  middle 
course  carried  awiaj ;  the  bottom  course  was  somewhat  fractured ; 
two  of  the  timbers  were  thrown  forward,  and  fell  30  ft.  in  fit>nt 
of  target.  One  piece  of  iron  plate  was  found  102  tL  in  fix>nt  of 
target. 

''  One  bolt  on  the  top  left  side  of  target  had  its  head  broken 
off,  and  the  top  right  bolt  had  its  nut  broken  off  in  rear  and  was 
forced  out  in  front.  None  of  the  wood  screw-bolts  were  broken 
nor  started  from  the  surface  of  the  plate.  Indentation  of  plate  on 
top  edge  of  shot-hoTe,  J  in. ;  on  lower  edge,  J  in. ;  on  right  edge. 
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rubber,  and  timber,  and  penetrating  the  bank  a  distance  of  12  ft. 
Diameter  of  sbot-hole,  11^  in.  The  timber  in  rear  of  the  target, 
around  the  shot-hole,  is  much  broken.  The  plates  are  sprang  out- 
ward directly  around  the  shot-hole  1  in.  All  the  bolts  were  slightly 
started,  but  none  broken." 

'^  On  the  6th  inst,  the  target  having  been  placed  on  its  longest 
edge,  at  an  angle  of  45^  with  the  line  of  fire,  another  shot  was  fired 
at  it  from  the  same  gun,  and  under  the  same  conditions,  and  with 
results  as  follows:  This  shot  struck  15  in.  from  the  top  and 
bottom  edges  and  37  in.  from  the  left  edge  of  the  target,  passing 
entirely  through  plates,  rubber,  and  timber,  and  penetrating  the 
bank  a  distance  of  6  ft.  The  shot  appears  to  have  been  broken 
in  its  passage  through  the  target,  as  several  small  pieces  were 
taken  out  of  the  shot-hole,  and  one  small  piece  was  found  in  the 
rear  of  the  target  on  the  bank.  Horizontal  diameter  of  shot-hole, 
18^  in. ;  vertical,  12^  in.  The  plates  were  sprung  infrard  on  the 
right  edge  of  the  shot-hole,  ^  in. ;  and  on  the  left  edge,  f  in.  The 
plates  have  sprung  forward  on  the  right  and  left  edges  of  the 
target  i  in.  Tlie  timber  in  the  rear  of  the  tai^t  is  completely 
shattered.  No  bolts  were  broken,  but  all  were  more  or  leas 
started  from  the  surface  of  the  plates." 

878.  Laminated  Target  wrrHour  Kubber  in  Compasison  with 
THE  Above. — '*  This  target  was  made  of  four  1-in.  wrought-iron 
plates  (Abbott^s)  backed  by  20  in.  of  solid  oak  and  joined  toge- 
ther with  ten  wood  screw-bolts.  The  taiget  was  placed  against 
a  bank  of  solid  clay. 

"  Dimensions  of  target :  Length,  96  in. ;  width,  48  in. ;  thick- 
ness of  plates,  4  in. ;  thickness  of  timber,  20  in.  Gun  11  in.,  No. 
214  C.  A.  &  Co.,  mounted  on  wooden  pivot  carriage  in  front  of 
battery;  charges  of  cannon  powder;  projectiles  of  Cloverdale 
cast-iron — solid  shot ;  primers,  friction." 

Eange,  84  ft. ;  weight  of  ball,  168  lbs. ;  charge,  80  lbs. 

''  This  shot  struck  23  in.  from  the  right  edge  and  31  in.  fit>m 
the  lower  edge  of  the  target,  passing  entirely  through  plates  and 
timber,  and  penetrating  the  bank  a  distance  of  5  ft.  Diameter 
of  shot-hole,  12x14  in.    The  plate  is  sprung  inward  on  the  left 
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edge  of  the  ahot-hole  1|  in.  The  timber  in  the  rear  around  the 
shot-hole  is  much  broken.  One  bolt  was  started  forward  If  in. 
and  five  others  slightly  started,  bat  none  were  broken. 

''  On  the  6th  inst.,  the  target  having  been  placed  on  its  longest 
edge  at  an  angle  of  45^  with  the  line  of  fire,  another  shot  was 
fired  at  it  firom  the  same  gun,  under  the  same  conditions,  with  re- 
sults as  follows: — ^The  shot  struck  19  in.  from  the  top,  14J  in.  from 
the  lower  edge,  and  56^  in.  from  the  left  edge  of  target,  tearing 
through  the  plates,  and  the  shot  breaking  into  pieces,  part  of 
which  glanced  off  at  an  angle  of  45^  and  penetrated  the  bank  on 
the  right  of  the  target ;  the  remaining  portion  (43  lbs.)  remained 
in  the  shot-hole.  Horizontal  diameter  of  shot-hole,  16^  in. ;  ver- 
tical, 14f  in.  The  plate  is  sprung  inward  on  the  right  edge  of 
the  shot-hole,  3  in. ;  top  edge,  2^  in. ;  lower  edge,  2^  in.  Tlie 
plates  have  sprung  forward  on  the  top  edge  2^  in.  One  bolt  was 
started  forward  J  in.  None  are  broken  excepting  the  one  in  the 
centre  of  the  shot-hole.  The  plates  are  cracked  around  the  shot- 
hole,  one  crack  extending  8  in.  The  timber  is  all  completely 
shattered. 

879.  "The  experiment  with  this  target  was  for  comparison 
with  Mr.  J.  L.  Jones's  target  (composed  of  four  1-in.  iron  plates 
and  four  1-in.  sheets  of  india-rubber),  to  obtain  the  relative  resist- 
ance. The  conditions  of  the  two  experiments  were  identical. 
The  penetration  of  the  projectile  fired  at  this  target  was  five  feet 
from  the  face,  while  the  penetration  of  that  fired  at  the  iron  and 
Indiarrubber  targets  was  12  feet.  In  the  second  experiment, 
oblique  firing,  45°,  the  shot  at  this  target  did  not  penetrate  en- 
tirely through,  and  126  lbs.  of  it  were  thrown  out,  at  an  angle  of 
about  45°,  into  the  bank  of  earth,  while  the  corresponding  shot 
at  the  iron  rubber  target  passed  entirely  through  it  and  penetrated 
the  bank  of  earth  a  total  distance  of  6  ft.  from  its  face.* 

880.  Experiments  at  thelVarrior  Target  wltb  9*Incli  Steel 
Shells,  at  St.  Petersburg,  Oct.  17,  1863. — ^^The  object  in  view 
was  to  see  the  effect  on  a  target  representing  nearly  a  section  of 

Official:  ScienHfic  Americariy  Jan.  23,  1864. 
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the  Warrior  comparatively  with  steel  and  with  cast  iron.  Two 
4^in.  plates  from  Messrs.  John  Brown  &  Oo.'b  works  were  fixed 
on  the  teak.  That  portion  of  the  plate  hit  by  the  shells  is  shown 
on  the  drawing  (Fig.  406);  the  holes  are  numbered  in  the  order 
in  which  the  shots  were  fired.    The  steel  shells  were  of  two 
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Warrwr  target — 9-iiL  shells. 

qualities,  one  from  Krupp,  cast  and  hammered,  the  other  made 
by  Povteeloff,  in  Finland,  from  small  ingots,  and  welded  together. 
All  the  shots  weighed  about  the  same,  270  lbs.,  and  were  charged 
either  with  8  lbs.  sand  or  powder,  and  were  all  fired  at  700  ft. 
distance  with  50  lbs.  of  powder. 

^'Kow,  although  it  was  evident  that  the  resisting  powers  of 
4^in.  plates  were  not  equal  to  such  shells,  still  one  object  was 
answered  in  respect  to  the  plates  by  the  experiment.  It  showed 
that  when  the  plates  were  made  of  really  good  material,  the  con- 
centration of  fire,  even  on  so  small  a  surface,  will  not  break  up 
the  plates,  but  merely  punch  holes,  which  may  easily  be  plugged 
in  action. 

"  The  shell  numbered  Nos.  1, 2,  and  8  made  each  a  hole  10^  in. 
X  9i  in.,  or  thereabouts.  No.  1  had  a  fiat  nose  4  in.  diameter, 
and  Nos.  2  and  3,  6^  in.  These  three  shells  £rupp  classified, 
Kos.  1  and  3  as  hard,  and  No.  2  as  mild  steeL  All  three,  how- 
ever, although  only  charged  with  sand,  went  to  pieces  on  passing 
through  the  plates,  proving  that,  had  the  plate  been  5^  or  6  in. 
thick,  they  would  have  been  harmless  as  respects  penetration. 
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The  shells  Nob.  4  and  5  were  those  from  Povteeloff,  of  puddled 
steel,  hit  very  close  together.  No.  4,  however,  made  a  larger 
hole  than  the  preceding  three,  and  showed  its  penetrating  power, 
by  not  only  destroying  a  large  portion  of  the  teak  backing,  but  by 
passing  through  another  target  of  teak  behind  the  other.  It  was 
found  to  be  only  slightly  bulged  up,  without  any  cracks,  not  a 
single  piece  being  taken  out  of  it  The  next  shell,  also  of  Povtee- 
loff 's,  not  having  met  with  full  resistance  on  the  plate,  went  off 
through  a  second  target  standing  behind  the  one  fired  at,  some 
two  miles,  quite  uninjured. 

*^  The  Russians  present  were  highly  delighted  with  the  favorable 
results  of  these  latter  shots — their  own  production — and  Mr.  Pov- 
teeloff  engaged  to  produce  better  when  the  works  were  fully  in 
operation.  In  fact,  unless  Erupp  brings  forward  a  better  quality 
every  way  than  those  yet  tried,  the  Sussians  will  drive  him  out 
of  their  market.  The  general  opinion  was  that  the  penetrative 
power  of  the  Povteeloff  shot,  compared  with  Krupp's,  was  as  5 
to  3. 

'^Shells  Nos.  6  and  7  were  Krupp's,  and  were  charged  with 
powder.  The  result  on  the  plate  was  a  slightly  larger  hole.  No. 
7  burst  in  the  plate,  but  did  not  injure  it. 

"A  cast-iron  shell  was  then  fired,  and  went  through  the  plate 
similarly  to  Krupp's  shells — ^being  crushed  by  the  concussion. 
The  conclusion  arrived  at  was,  that  the  cast-iron  shell  was,  as 
against  armor-plates,  equal  to  Krupp's  steel  shells  in  penetrative 
power,  but  not  equal  to  Povteeloff 's — cost  being  one-fourth. 

"Further  trials  will  be  made  on  thicker  plates,  when  other 
shells  of  Russian  make  will  be  tried.  We  may  remark,  in  pass- 
ing, that  these  shells  were  of  steel,  made  by  Povteeloff,  from  Fin- 
nish lake  ore,  and  the  sheUs  used  were  made  from  small  2-lb. 
ingots,  welded  up,  bored,  and  turned.  With  proper  apparatus, 
now  nearly  ready,  the  shots  will  be  cast  in  proper-sized  ingots, 
and  be  hammered  near  to  form,  and  be  much  better  in  every 
respect."* 

^  Correspondence  of  the  London  Engineer. 

The  London  Times  has  the  fdlowing  account  of  these  experiments: 
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881*  Ezperimeiits  against  the  Bellerophoii  Target,  Dee. 
89  1863. — ^^^This  target  has  been  constructed  to  represent  as 

Fig.  407. 


The  Bellerophon  target.    Scale,  ^  in.  to  1  ft 

nearly  as  possible  a  portion  of  the  proposed  side  of  the  BeUero- 
phon  iron-cased  frigate,  ordered  to  be  built  at  Chatham  Yard. 

"First,  a  series  of  cast-iron  shells,  300  lbs.  each,  were  fired  at  difiTerent  ranges,  and 
then  shells  made  by  Krupp  were  fired  at  the  4i-inch  armor-plates.  The  first  shell, 
of  hard  cast  steel,  was  21\  in.  long  (two  and  a  half  diameters),  with  a  flat  end  4  in.  in 
diameter.  Fired  with  50  lbs.  of  powder,  at  700  ft.  distance,  it  pa8f<ed  tlirough  the 
plate,  oak  and  teak  backing,  and  broke  into  many  pieces,  although  filled  with  sand 
only.  The  second  and  third  shells  were  also  of  Knipp's  steel,  the  same  length,  but 
with  6A-in.  ends.  These  shells  pierced  plates,  wood,  etc.,  and  also  went  to  pieces, 
although  only  filled  with  sand.  The  fourth  sliell  was  made  by  M.  Povteelofi^  of  pud- 
dled steel,  on  Aboukofi'^s  system,  the  same  dimensions  as  the  second  and  third,  and 
went  tlirough  iron,  teak,  etc.,  but  was  only  bulged  up  from  9  in.  to  12  in.,  and  the 
end  flattened,  not  a  single  crack  being  visible  in  the  shelL  The  fifth  shell,  the  same 
as  the  fourth,  passed  tlirough  iron,  teak,  and  the  second  target,  and  went  at  least  a 
mile  beyond.  The  sixth  and  seventh  were  from  Krupp,  and  were  charged  with  pow- 
der; they  were  quite  flat-ended,  9  in.  diameter.  One  exploded  in  the  plate,  the  ether 
in  the  wood.  The  eighth  and  ninth  shells  were  of  cast  iron,  and.  although  they 
passed  through  the  plates,  were  of  course  destroyed.  Evening  prevented  further 
trialB,  which  will  yet  be  made  on  the  same  plate. 

"The  results  on  the  plate  were  highly  satisfactory.  In  a  space  of  4  ft  6  in.  by 
3  ft.  6  in.  eight  holes  were  made  without  any  crack  of  the  slightest  description." 


fired  at  tlii*  pUte,  leTcral  overlapping  each  other.  Plate  was 
started  i  in.  from  backing.  After  twelve  thoU  were  fin*<l  (nm\ 
tlie  GSpuuDder  gun,  with  16-lb.  charge,  prodacing  only  blight  iti- 
dentations  varying  from  2*9  t4>  2*1  in.,  two  shots  were  tinNJ  fn>m 
the  l<M>.puunder  gun  with  25-lb.  charge.  The  first  was  made  of 
caftt  iron  at  Woolwich  lal>oratory.  It  bmke  up  after  {lenctrating 
the  plate  6  in.  The  second  was  made  of  Dr.  Pricc*s  cmcible  iron. 
The  shot  was  again  destniyed  after  a  {>cnctration  of}  of  its  diam- 
eter into  the  plate.     Backing  sound. 

**  lioi/al  Alfnsl^  4i  in.  thick  (J.  Brown  &  C)o.)  -This  plate  re- 
ceivwl  five  hcvere  blows  near  iu  edge  fn>m  the  OH-|M>undfr  rR*»t- 
iron  shot  witliout  showing  material  injurv.  A  wrought-iron  shot, 
caMvhunlencHl,  was  HubM*<|uently  fired  at  it,  producing  an  indent 
24  in.  dc*€*p  and  9  in.  diameter.  A  IWi^^emer  cast-«tt*cl  shot  fol- 
luwe<l,  eml>e<lding  itM*lf  nearl}*  half  its  diameti*r  in  the  plate.  No 
cracks  a[>|»earcHl  aniund  the  part  struck.  Another  caht-»teel 
irrucible)  »h«it  was  then  fired,  and  struck  4  in.  distant  from  the 
preceding  one,  shaking  it  out  of  its  place.  Tliin  i»h(»t  htuek  in  the 
plate,  projcM-ting  3*7  in.  alxive  the  plateV  outer  iiiirta4*t«.  Although 
the  shot  preM*rvi*d  its  spherical  form,  it  was  much  bn>ken  up. 
Injury  to  bac*king,  nil, 

**  Prifuf  AUprrt,  .^  in.  thick  (J.  Brown  &  (\>.>— This  plate  was 
t»  ft,  long  and  had  lM^*n  reheated  and  bent.  It  was  severely  tried 
on  the  l«»wer  e<lgo  by  tlirt^e  overlapping  sli4>t  which  ma4le  two 
rnu*ks  downwards.  It  receivcHl  a  fcMirtii  sliot  near  tlie  centre 
without  showing  anr  crac*k. 

•*  ,ly/w/>'Mr/,  r>Jin.  hammenNl  plate  (Memey  (\>mpany). — The 
fin^t  tW4»  blows  fn>m  the  <i'^-]>oundcr  inflicted  no  appart*nt  injury 
uiMin  tliU  plutr.  Tlie  third  brought  out  a  cnu*k  2  ft.  in  length. 
Tlio  f<»urtii  ^hot  crai'kcMl  the  plate  through  t4>  within  an  inch  of 
the  surfa<*t».  Shot  G  bn>ke  out  a  piece  2  ft.  0  in.  x  12  in.  It  re- 
c*«*ived  M*vcn  shots  in  all. 

**  Atjifutfurt^  5J-iii.  rolled  plate  (Mersi^y  Comjiany)  was  an  e«- 
cfllent  plati*.  Tlie  iii«len  tat  ions  were  slight;  and,  thongh  s<»me 
of  the  sliMtfi  tourluNl  vi\A\  other,  no  cracks  were  apparent  except 
in  the  6th  indent.     It  rvceivcnl  nine  shots. 
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ical  constmction  of  an  actual  ship  upon  the  same  plan.  In  erect- 
ing the  target,  care  has  been  taken  to  support  it  behind  with 
beam  ends,  etc.,  so  that  the  actual  condition  of  the  proposed  ship's 
side^ay  be  approximated  to  as  closely  as  possible. 

^^  All  the  portions  of  this  tai^t  have  ))een  carefully  weighed, 
and  the  weight,  as  reported  by  the  Admiralty  Overseer,  is  389 
lbs.  per  square  foot."* 

88!i.  The  range  was  in  all  cases  200  yards.  The  1st  shot,  a 
66^1b.  cast-iron  ball  from  the  68-pounder ;  chai^,  16  lbs. ;  struck 
the  top  plate,  9  in.  from  the  upper  edge,  and  midway  between 
the  fourth  and  filth  bolts.  The  indentation  was  1*5  in.  deep. 
About  half  the  bolts  in  the  plate  were  just  perceptibly  started, 
but  not  strained. 

The  2d,  a  66^1b.  cast-iron  shot,  with  a  false,  hemispherical, 
hollow  head,  fired  from  the  110-pounder  Armstrong  gun,  with  16 
lbs.  of  powder,  struck  between  the  next  two  bolts,  9  in.  from  the 
top  of  the  plate,  over  a  rib;  indent,  1'46  in.  deep.  The  bolts  were 
hardly  more  started  by  this  shot. 

The  next  round  was  a  salvo  of  four  66^1b.  shot,  fired  at  the 
top  plate,  two  from  the  68-pounder,  and  two  from  the  110-pounder; 
charges  as  above.  A  third  110-pounder  was  fired,  but  missed. 
One  66i-lb.  ball  struck  8  in.  from  the  bottom  of  the  plate,  par- 
tially on  the  fourth  bolt  from  the  right;  indent,  1*75  in;  bulge, 
2*1  in.  One  rifle-bolt  struck  partially  on  the  same  bolt,  a  little  to 
the  right;  indent,  1*25  in.;  bulge,  1*45  in.  The  bolt  was  started 
out  '4  in.  The  other  ball  struck  1  ft.  9  in.  below  the  top  of  the 
plate,  and  6  ft.  from  the  right  edge;  indent,  1-75  in.;  bulge,  1*85 
in.  The  other  rifle-shot  hit  the  top  edge  of  the  plate,  chipping 
out  a  piece.  The  condition  of  the  other  bolts  was  not  changed. 
Up  to  this  time  the  inner  skin  of  the  target  showed  no  evidences 
whatever  of  the  firing. 

The  7th  shot,  weighing  66^  lbs.,  circumstances  as  above,  struck 
the  lower  plate  12  in.  from  the  top,  and  10  in.  to  the  left  of  the 
fifth  bolt  from  the  right;  the  bolt  started  ^  in.;  indent,  1*8  in.; 

*  Admiralty  dicolar. 


M-l 
loo-i 


a.f 


r«l'r< 

♦  n 


Urp 

pilir 

Two 

of  r«i 

in  (li 
the  i 
with 

in.  t) 
cmrr'i 

rann 

WtM, 


764  Ordnance. 

of  indent;  no  other  cracks;  plate  driven  in  3^  in.  at  bottom,  in  a 
length  of  3  ft.  The  left  top  end  of  the  plate  was  thrown  out  f  in., 
and  the  backing  |  and  ^  in.  The  backing  was  also  driven  oat 
slightly  endways.  Inside,  the  skin  was  bulged  slightly,  and  the 
bolt  struck  was  driven  in  2  in.    No  injury  was  done. 

The  11th,  a  hammered  cast-steel  ball  from  the  same  gun^ 
charge  35  lbs. — struck  exactly  at  the  joint  of  the  upper  and  lower 
plates,  3  ft.  to  the  right  of  the  preceding  shot,  with  a  velocity  of 
1520  ft.  It  punched  a  11*5  x  ll*2-in.  hole  in  the  6-in.  plate,  em- 
bedded itself  to  1  in.  below  the  face  of  the  target,  and  stuck  in 
the  hole,  much  cracked  and  considerably  flattened  on  its  striking 
side.  On  the  inside,  the  rib  over  which  the  shot  struck  was 
broken  and  bulged  2^  in. ;  the  next  rib  was  bent  1  in. ;  the  skin 
was  bulged  2  in.,  and  had  a  small  crack  8  in.  long.  Two  through 
bolt-heads  and  two  backing  bolt-heads  were  broken  off.  The 
bulge  of  the  target  was  not  perceptibly  increased,  because  the 
power  of  the  shot  had  been  employed  locally. 

The  12th  was  a  800-lb.  cast-iron  solid  shot,  with  a  false  hemi- 
spherical head;  charge,  35  lbs.  It  struck  exactly  on  the  third 
bolt  from  the  right  of  the  lower  row  in  the  lower  plate,  10  in. 
from  the  bottom ;  the  indent  was  only  2*8  in.,  but  the  distributed 
effect  was  more  than  that  of  the  preceding  shot,  viz.,  the  plate 
was  driven  in  at  the  bottom  2*1  in.  in  a  length  of  5  ft. ;  a  crack 

1  ft.  6  in.  long  was  made  through  a  bolt-hole  2  ft.  from  the 
point  of  impact;  the  top  of  the  plate  was  started  out  '4  in.  for 

2  ft.  at  the  right,  and  the  backing*  was  a  little  split  and  driven 
out  endways.  At  the  back  the  skin  was  slightly  bulged;  the 
tlirough-bolt  struck  (which  was  driven  in  1  in.  beyond  tlie  bottom 
of  the  iudent)  was  driven  out  2  in.  at  the  back,  and  two  backing 
bolts  were  broken. 

The  13th,  a  151-lb.  steel  shell — ^bursting  charge,  5  lbs. — ^fired  with 
27  lbs.  of  powder,  from  the  7-in.  Whitworth  gun,  penetrated  the 
lower  plate  equally  distant  from  the  top,  bottom,  and  left  end. 
The  rear  of  the  shell  was  fired  outwards,  and  the  head  lodged  in 
the  front  of  the  backing.  The  inner-skin  plate  was  bulged  a  little 
at  a  joint,  and  one  through-bolt  and  two  backing  bolts  were 
broken.     The  skin  was  practically  uninjured. 


Tajuji  4'XU.— Obovavcb   OoMMirnu's   RzmnnDrTi  mxoi  Ociatn,  1859,  o« 
Maxtxlcts  roR  BiuaASCTUBi  to  ruuftwct  Guxvkbs  AOAurn  rum  Kynan'  RirL» 
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886.  15-Iiieh  ttid  ll-lMch  Bans  and  Pwron  IM-lb.  Bolt; 
Taiioui  Plates;  LAte  fixpeiiments, — 8ome  important  experi- 
ments with  the  above  projectiles  have  very  recently  been  made  at 
the  Washington  Navy  Yard.  The  Department  has  determined 
not  to  make  public  the  details  of  these  experiments  at  present 
The  general  results  are  as  follows : 

A  target  composed  of  30-in.  oak  backing  and  a  solid  6-in. 
French  plate,  made  by  Messrs.  Petin,  Gaudet  &  Co.,  was  cracked, 
smashed,  and  completely  penetrated  by  a  15-in.  400-lb.  cast-iron 
ball,  fired  at  about  50  yards  range,  with  60  lbs.  of  powder,  at  an 
initial  velocity  of  1480  feet  per  second.  A  target  composed  of  six 
1-in.  plates,  backed  by  10  x  10-in.  iron  beams,  was  torn  in  two  and 
thrown  down  by  similar  projectiles.  Laminated  taints,  composed 
of  1-in.  plates,  up  to  13  in.  aggregate  thickness,  and  backed  by  24 
to  80  in.  of  oak,  have  been  ruptured  and  shattered  through  and 
through,  though  not  completely  penetrated,  by  the  same  shot  and 
charges.  The  15-in.  ball  has  also  knodced  down,  displaced,  and 
shattered  various  targets  of  considerable  thickness  but  not  of  large 
size,  and  therefore  not  exactly  representing  the  mass  and  conti- 
nuity of  a  ship's  side.  The  15-in.  gun  has  not  been  fired  at  the 
Warrior  taiget  or  at  any  4i-in.  tai^et. 

The  11-in.  gun  has  recently  been  fired  at  various  tai^ets  with 
SO-lb.  charges  and  169- lb.  cast-iron  balls.  At  60  to  100  yards  range, 
this  gun  completely  penetrates  4^in.  solid  plates  of  ordinary  qual- 
ity, but  does  not  make  a  clean  breach  through  the  best  plates  (215). 

The  Parrott  S-in.  rifle,  with  150-lb.  bolts,  and  16  lbs.  of  pow- 
der, breaks  through  but  does  not  punch  the  best  4^in.  plates,  and 
does  not  seriously  injure  the  backing. 

These  late  experiments  have  also  shown  that  the  convex  taiget 
representing  the  Monitor  turret,  offers  very  much  greater  resist- 
ance to  both  punching  and  racking  than  the  flat  target,  composed 
of  the  same  materials. 

887.  Expertmeiito  with  §teel  Shot  against  Armmt.* — ^The 

*  The  author  has  not  yet  had  aooess  to  the  offieiai  reports  of  the  later  ezperiments 
ia  this  direction;  therefore  only  an  abstract  of  the  results  will  be  attempted  at  pres- 
ent   The  authorities  are  the  London  7»me*,  and  Army  and  Kaxy  Ckaette, 
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experiments  with  Mr.  Whitwoith's  steel  shells,  recorded  in  forgoing 
tables,  demonstrated  the  first  important  improvement  in  the  Trvate- 
rial  of  projectiles,  although  the  United  States  Navy  Department 
had  previously  made  a  remarkably  tongh  mixture  of  cast  iron 
for  balls,  and  had  demonstrated  its  superiority  to  wrought  iron.* 
But  the  improvement  in  the  material  of  projectiles  did  not 
assume  a  revolutionary  character — ^it  had  hardly  been  imagined 
that  steel  would  so  soon  be  acknowledged  as  the  only  proper  shot- 
material  for  effective  iron-clad  warfare,  until  early  in  1864,  when 
spherical  steel  balls  were  fired  through  the  Warrior  class  of  armor 
by  guns  and  chaxges  which  would  neither  punch  nor  crack  it  when 
the  balls  were  of  cast  iron. 

888.  In  January,  1864,  the  4^in.  plates  of  the  Warrior  target 
were  broken  through  by  steel  balls  from  the  68-poonder  gun  with 
16-lb.  charges.  The  average  penetration  of  the  cast-iron  ball,  gun 
and  chaige  the  same,  is  3^  in.^  and  the  best  plates  are  not  cracked. 

889.  Shortly  afterwards,  at  Portsmouth,  the  9-22-in.  "100- 
pounder"  smooth-bore  fired  a  118-lb.  and  a  114-lb.  Bessemer  steel 
ball,  with  25  lbs.  of  powder  at  200  yards  range,  entirely  through 
the  Miruytaur  target  of  5^in.  plates  and  9  in.  of  teak  backing, 
smashing  a  2-ft.  hole  in  the  rear  and  driving  fragments  all  over 
the  ship  and  into  the  opposite  timbers.  A  third  shot,  conditions 
the  same,  passed  entirely  through  the  centre  of  the  plate,  making 
a  10-in.  hole  through  the  face,  driving  large  masses  of  the  back 
of  the  plate  into  the  wood  backing,  and  smashing  the  ship's  tim- 
bers (the  wooden  targetrship  Mona/rcK)  over  a  space  of  2  x  4  ft., 
and  bulging  them  12  in. 

The  4th  shot  of  Firth's  steel,  struck  over  a  wooden  knee ;  it  did 
not  shatter  inside  of  the  ship,  although  it  penetrated  the  plate. 

890.  Speaking  of  similar  experiments  against  the  America 
target  ship,  the  Army  and  Namy  Gazette  of  March  12,  1864, 
says :  "  This  old  ship  received,  in  two  days'  firing,  78  heavy 
knocks  against  her  sides  from  heavy  iron  shots.  She  was  none  the 
worse,  but  floated  quietly  at  her  moorings.    Not  so  after  one  steel 

*  Captain  Palliser  has  recently  increafied  the  effectiyeness  of  cast-iron  shot,  in  a 
great  degree,  by  chilliog  the  exterior  of  the  metal  when  it  is  cast 


768  Ordnance. 

9hot  was  brought  to  bear  against  her.  This  penetrated  the  armor- 
plate,  which  vainly  strove  to  keep  the  subtle  and  deetmctiTe 
missile  outside ;  and  gradually,  but  surely,  did  the  strongly-built 
craft  fill  with  water,  and  settle  down  on  the  mud." 

891.  On  the  24th  of  March,  1864,  at  Shoeburynesa,  the  110- 
pounder  Armstrong  gun  was  fired  at  various  5|>in.  plates  without 
backing.  The  average  penetration  in  backed  4^in.  plates  of  Ill- 
lb.  cast-iron  shot  from  this  gun,  with  14-lb.  charges,  is  1*6  in. 
The  plates  are  not  usually  cracked,  but  the  projectiles  are  com- 
pletely smashed.  In  this  experiment,  two  Bessemer  steel  projec- 
tiles, made  at  the  Atlas  Works,  and  fired  with  121b.  charges, 
passed  entirely  through  the  plates.  Other  steel  projectiles  in- 
dented the  plates  from  2  to  4^  in.  In  all  cases  the  rear  of  the 
plates  were  bulged  and  cracked,  and  in  several  cases  pieces  of  iron 
were  knocked  out 

899«  About  the  same  time,  two  steel  100-lb.  balls  were  fired 
from  the  Armstrong  9*22-in.  smooth  bore  at  a  6-in.  solid  Millwall 
plate,  bolted  to  the  side  of  a  target  ship  at  Portsmouth ;  charge, 
30  lbs. ;  range,  200  yards.  Both  balls  were  buried  partly  in  the 
plate  and  partly  in  the  ship^s  side.  The  whole  inner  part  of  &e 
plate  about  the  shot-holes  was  broken  up.  A  section  of  the  ship^s 
side,  4  X  16  feet,  was  bulged  inwards  from  4  to  7  in.,  and  the 
whole  was  violently  shaken.  Two  other  steel  balls,  from  the  same 
gun,  just  broke  through  two  other  similar  plates  and  lodged  at 
the  front  of  the  backing,  without  injuring  the  interior  of  the  ship. 

89S.  In  May,  1864,  experiments  with  steel  shot  were  made 
against  5i-in.  plates,  bolted  to  the  sides  of  the  America^  wooden 
target  ship  at  Portsmouth.  The  guns  were  the  9-22-in.  smooth- 
bore and  a  7-in.  shunt-rifled  gun ;  charges,  30  and  25  lbs.  respec- 
tively ;  range,  200  yards.  All  tlie  shot  broke  through  the  plates ; 
one  of  them  passed  through  the  ship^s  side ;  and  in  all  cases  the 
ship's  side  was  more  or  less  shattered. 

A  6-in.  plate  was  also  broken  through  by  both  the  115-lb.  ball 
and  the  98-lb.  bolt ;  the  debris  of  the  plate  was  driven  into  the 
backing. 

The  projectiles  nsed  in  these  experiments  were  prepared  at 
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Woolwich;  they  were  all  considerably  flattened  and  mntilated 
upon  striking  the  plates. 

894«  In  June,  1864,  the  following  experiment  was  made  at 
ShoeburynesB :  The  target  represented  the  side  of  the  Lord 
Warden  iron-clad  (building),  and  consisted  of  12^in.  oak  frame 
timbers,  supported  by  deck  beams  and  iron  knees,  and  connected 
by  6-in.  x  l^in.  diagonal  iron  braces ;  the  inner  8-in.  planking ;  a 
casing  of  l^-in.  iron  plate ;  10  in.  of  oak ;  and,  finally,  the  4^in. 
armor-plate,  held  by  2-in.  bolts — ^in.  all,  30^  in.  of  oak  and  6  in. 
of  iron.    The  target  presented  a  20  x  9  ft.  face.    Range,  200  yards. 

A  9-22-in.  rifle,  made  for  a  lOJ-in.  "  300-pounder,"  fired  a  220- 
Ib.  steel  bolt,  with  44  lbs.  of  powder,  at  1460  ft.  striking  velocity, 
entirely  through  the  target  and  the  bank  beyond  and  a  mile  out 
to  sea.  The  splinters  of  the  backing  and  an  iron  knee  were  hurled 
to  the  rear  in  every  direction. 

Two  steel  120-lb.  shells — bursting  charge,  7  lbs. — ^fired  with 
20-lb.  charges  from  a  6i-ton  9*22-in.  rifie,  passed  through  the 
armor-plate  and  burst  in  the  backing.  The  second  shell  tore  the 
back  of  the  target  into  splinters,  which  were  thrown  violently 
to  the  rear. 

A  300-lb.  bolt,  from  the  lOJ-in.  gun,  was  then  fired  entirely 
through  the  target,  with  a  45-lb.  charge. 

Tlie  plate,  although  pierced  by  every  shot,  was  not  cracked. 

d9S.  Several  experiments  have  also  lately  been  tried  in  St. 
Petersburg  with  round  steel  shot  and  ordinary  east-iron  shot,  both 
9  in.  in  diameter.  The  round  steel  shot  are  also  the  production 
of  Mr.  Povteeloff.  The  steel  is  made  from  Finnish  lake  ore — 
puddled,  and  made  into  octagonal  blooms,  which  are  then  again 
heated,  and  gradually  hammered  into  a  globular  form,  in  swages, 
under  the  steam-hammer;  and  when  fired  from  the  ordinary 
naval  gun,  at  4j[-in.  plates,  the  penetration  of  the  steel  shot  was 
found  to  be  nearly  double  that  of  the  cast  iron,  and  the  injury 
done  to  the  plates  much  greater.  Round  steel  shot  have  also 
been  tried  from  Germany. 

896«  The  following  experiments,  partly  with  steel  shot,  also 
show  the  quality  of  the  standard  British  armor-plates : 
49 
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ExPKRiMENTB  OF  Feb.  24  AND  26, 1864.* — "  The  plates  were  bolted 
to  the  side  of  the  target-ehip  Amerioa^  and  were  fired  at  on  the  24th 
from  the  68-poander  smooth-bore  gan,  with  the  service  charge  of 
16  lbs.  of  powder ;  and  on  the  25th  with  spherical  cast^teel  and 
wronght-iron  case-hardened  shot  from  the  lOO-ponnder  Armstrong, 
with  25  lbs.  of  powder.  The  range  of  both  occasions  was  200 
yards." 

The  following  is  the  list  of  the  plates  selected  for  test  (Table 
140): 

"  Lord  Warden^  5i-in.  plate  (J.  Brown  <fe  Co.) — ^Eleven  shots 
were  fired  at  this  plate,  three  overlapping  each  other.  Diameter, 
9  in. ;  depth  of  indentation,  1,^  in.  Witli  the  exception  of  the 
third  and  eighth  shot,  which  showed  a  minnte  separation  of  the 

Table  CXL. — OoMpnrnyB  Tbst  of  Ajeoiob^Platbs.    Portsmouth,  Fsa,  1864. 


Maaoftetaren'  Nvnea. 

Ship. 

Admlnlty  Order 
of  Merit 

John  Brown  U  Go 

Lord  fTarden, 

Sh-ln.  rolled. 

A  I. 

M 

M 

4i-in.      «« 

A  I. 

U 

Rtyal  Jtlfred. 

4Hn.      « 

A  I. 

M 

Prince  Albert^  cupola  ship. 

5|-in.  bent  plate. 

A». 

IWf^nw    r!o 

j^iueourt, 

M 

5^in.  hammered. 
5i-in.  roUed. 

A3,mfo. 
A  I 

a 

Charles  CammeU  Se  Go... 

Lord  ayde. 

SHn.      « 

A  1. 

Millwall   Co 

BelleropJkoM, 
Pallas. 

6-in.         ** 

A3. 
Bi. 

Brale  &  Co 

4Ha.      « 

surface  lajer  of  the  metal  within  the  indent,  there  were  no  cracks 
upon  this  plate,  and  it  was  reported  upon  as  being  '  remarkably 
good.'    Injury  to  backing,  nil, 

**  Lord  Warden^  4rJ  in.  (J.  Brown  <fe  Co.) — Fourteen  shots  were 

*  This  aocount  is  quoted  from  the  oorrespondenoe  of  the  Arm^  ag\d  Niwy  GiMxetk  of 
March  12,  1864. 
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fired  at  this  plate,  several  overlapping  each  other.  Plate  was 
started  i  in.  from  backing.  After  twelve  shots  were  fired  from 
the  68-poander  gun,  with  16-lb.  charge,  producing  only  slight  in- 
dentations varying  from  2*9  to  2*1  in.,  two  shots  were  fired  from 
the  lOO-ponnder  gun  with  25-lb.  charge.  The  first  was  made  of 
cast  iron  at  Woolwich  laboratory.  It  broke  up  after  penetrating 
the  plate  6  in.  The  second  was  made  of  Dr.  Price's  crucible  iron. 
The  shot  was  again  destroyed  after  a  penetration  of  {  of  its  diam- 
eter into  the  plate.    Backing  sound. 

'*  Royal  Alfred^  4i  in.  thick  (J.  Brown  &  Co.) — This  plate  re- 
ceived five  severe  blows  near  its  edge  from  the  68-pounder  cast- 
iron  shot  without  showing  material  injury.  A  wrought-iron  shot, 
case-hardened,  was  subsequently  fired  at  it,  producing  an  indent 
2i  in.  deep  and  9  in.  diameter.  A  Bessemer  cast-steel  shot  fol- 
lowed, embedding  itself  nearly  half  its  diameter  in  the  plate.  No 
cracks  appeared  around  the  part  struck.  Another  cast-steel 
(crucible)  shot  was  then  fired,  and  struck  4  in.  distant  from  the 
preceding  one,  shaking  it  out  of  its  place.  This  shot  stuck  in  the 
plate,  projecting  3*7  in.  above  the  plate's  .outer  surface.  Although 
the  shot  preserved  its  spherical  form,  it  was  much  broken  up. 
Injury  to  backing,  nil, 

"  Prince  Albert^  bi  in.  thick  (J.  Brown  &  Co.) — ^This  plate  was 
6  ft.  long  and  had  been  reheated  and  bent.  It  was  severely  tried 
on  the  lower  edge  by  three  overlapping  shot  which  made  two 
cracks  downwards.  It  received  a  fourth  shot  near  the  centre 
without  showing  any  crack. 

"  Affineourt^  S^-in.  hammered  plate  (Mersey  Company), — ^The 
first  two  blows  from  the  68-pounder  infiicted  no  apparent  injury 
upon  this  plate.  The  third  brought  out  a  crack  2  ft.  in  length. 
The  fourth  shot  cracked  the  plate  through  to  within  an  inch  of 
the  surface.  Shot  6  broke  out  a  piece  2  ft.  6  in.  x  12  in.  It  re- 
ceived seven  shots  in  all. 

"  Agincourtj  5i-in.  rolled  plate  (Mersey  Company)  was  an  ex- 
cellent plate.  The  indentations  were  slight ;  and,  though  some 
of  the  shots  touched  each  other,  no  cracks  were  apparent  except 
in  the  5th  indent.     It  received  nine  shots. 


"  Lord  Glyde^  S^-in.  rolled  plate  (Cammell  &  Co.) — First  ahot 
showed  a  crack  4  iu.  long.  Another  shot,  striking  near  the  for- 
mer, broke  out  a  piece  of  plate  19  in.  x  8  in.  The  plate  sobee- 
quently  received  eight  additional  blows  without  material  injurr. 
It  was  also  fired  at  with  two  Bessemer  steel  shot  which  embedded 
themselves  in  the  plate. 

''^  BeUerophon^  6-in.  rolled  plate  (Mill wall  Company),  received 
four  shots  in  two  pairs,  shots  slightly  overlapping.  No  cracks. 
The  iitlh  and  sixth  shots  opened  the  lamina  of  the  plate,  and  the 
seventh  and  eighth  manifested  a  large  number  of  severe  cracks  in 
and  about  the  indentations.  It  received  two  steel  shots  from  the 
100-pounder,  with  25-lb.  charge,  and  showed  considerable  resist- 
ance.    The  backing  was  somewhat  injured. 

"  PaUas^  4^  in.  (Beale  &  Co.) — ^Tlie  first  two  shots  broke  oat  a 
piece  of  the  plate  24  x  10  in.,  and  the  eighth  shot  carried  away 
another  large  portion  2  x  1  ft.  Numerous  cracks  appeared  from 
the  other  blows,  with  the  exception  of  shot  3,  the  indentation  of 
which  was  2-1  in.  deep.     No  steel  shot  was  fired  at  this  plate.  *  • 

'^  P.  S.  I  have  at  the  moment  of  closing  my  letter  discovered 
that  I  have  omitted  two  shots  which  struck  the  4f-in.  plate  ♦  ♦  ♦ 
the  upper  shot  was  supplied  from  the  arsenal,  and  the  lower  one 
by  Messrs.  Price." 

897.  Expertmentft  at  8ta€»ebiiryiieM  agalait  Coiprgwgi 
Wool  on  Mr.  BTatmyth's  Plan,  JHareh  ISth,  1M4. — '^  A  Imrge 
iron  boiler,  about  10  ft.  in  diameter,  was  filled  with  wool  to  form, 
to  borrow  Mr.  Nasmyth's  own  words,  a  cone  of  obstruction.  The 
wool  was  pressed  down  by  men  trampling  on  it.  ♦  ♦  ♦  A  slight 
frame  of  woodwork  was  placed  at  the  mouth  of  the  caiason  to 
keep  its  contents  from  springing  back  after  having  been  ex|xj6ed 
to  pressure,  and  when  all  was  pronounced  to  be  ready  the  gan» 
(a  68-pounder  and  a  110-poundcr  breech-loading  Armstrong)  with 
the  ordinary  service  charges  at  a  range  of  100  yards  were  fired. 
The  shot,  on  examination,  were  found  to  have  passed  through  the 
11  ft.  of  wool,  the  bottom  of  the  iron  caisson,  and  buried  them- 
selves in  12ft.  of  solid  earth,"* 

*  Army  and  Navy  Gazette,  March  19th,  1864. 
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Tablk  CXL  a.— EzFVRDfBNTS  WITH  Stkbl  Shot,  ON  OuNinntT  Ship  "  Exoxllkot/' 
Feb.  24  and  26,  1864.* 


Oini. 

i 

1 

KfttaraofSbot 

% 

M 

3 

e 

i 

68-pounder « 

z6 

68 

Cast  iron  Senrice.f 
Laboratory  cast  iron.f 

4i-6 
4* 

loo-pdr.  Smooth-bore... 

lOO 

zo 

u 

lOO 

Price*i  crucible  iron.f 

4i 

ID 

7 

u 

lOO 

Steel. 

6 

... 

7.1» 

" 

loo 

Steel. 

St 

... 

4-61 

cc 

zoo 

Steel. 

S* 

... 

642 

M 

lOO 

Steel. 

6 

... 

6.3a 

68-potinder • 

i6 

68 

^^t.  iron,  case-hardened. 

4t 
4i 

9 
8 

4i 

M 

i6 

68 

Steel. 

M 

i6 

68 

Steel. 

4t 

... 

41 

*  This  table  is  oomplled  flroin  a  table  ^ven  by  Captain  Belwyn,  B.  N.,  in  a  paper  before  the  Royal 
United  Serrice  Instltntlon.— 6^  JounuO,  <^  May,  1864 
t  These  caaMron  shot  all  broke  up. 

898.  Experiments  against  a  Hofr's-Halr  Target,  on  Mr. 
Brady's  Plan,  Washington  IVary  Yard,  Sept.  1,  1§63. — "  This 
target  was  made  of  5  bales  of  hogVhair,  faced  and  backed  with 
pine  plank,  4  in.  thick,  and  fastened  with  28  wrought-iron  bolts. 
Two  of  the  bales  had  been  sabjected  to  one  and  the  same  amount 
of  compression,  and  two  others  were  compressed  alike,  but  differing 
in  degree  from  the  former ;  and  the  remaining  bale,  as  stated  by 
the  inventor,  was  but  slightly  compressed.  The  bales  were  bound 
with  iron  hoops.     The  target  was  backed  with  4  ft.  of  solid  clay. 

"  Dimensions  of  target :  11  ft.  3  in.  long ;  4  ft.  wide ;  3  ft.  3^ 
in.  thick.  Gun,  rifle  50-pounder,  No.  30,  mounted  on  wooden 
carriage,  on  Pencote  Battery.  Charges,  3J  lbs.  Schagticoke 
cannon  powder.  Projectile,  J.  A.  D.  shell.  Primers,  friction." 
Weight  of  projectiles,  86*25  to  38  lbs. 
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^^  let  Bhot  stmck  the  right-hand  bale  in  the  oentre,  pinning 
entirely  throngh  the  bale  and  4  ft  of  clay,  entering  the  bank  at 
a  distance  of  18  ft.  3  in.  back  of  the  target,  and  embedding 
itself. 

"  2d  shot  struck  the  8d  bale,  from  the  right  edge  of  the  target^ 
in  the  centre,  passing  entirely  through  bale  and  4  ft.  of  clay, 
entering  the  bank  at  a  distance  of  10  ft  back  of  target,  and 
embedding  itself. 

'^3d  shot  struck  3<1  bale,  from  right  edge  of  target,  in  the 
centre,  passing  entirely  throngh  bale  and  4  ft.  of  clay,  entering 
the  bank  at  a  distance  of  12  ft.  back  of  target,  and  embedding 
itself. 

^'  4th  shot  struck  2d  bale,  from  left  edge,  in  the  centre,  passing 
entirely  through  bale  and  4  ft.  of  clay,  entering  the  bank  at  a 
distance  of  11  ft.  back  of  tai^t,  embedding  itself. 

*^  The  5th  bale  was  not  fired  at,  at  the  request  of  the  inv^itor. 
It  will  be  perceived  that  all  the  bales  were  pierced,  and  the  pro- 
jectiles not  having  been  found,  it  was  not  possible  to  asc^tain 
which  offered  the  greatest  resistance.''* 

Effects  (Table  141). 

1.  Three  shots  passed  through  at  50  yds. ;  and  at  75  yds.  it 
was  considerably  indented. 

2.  No  bullets  through  at  50  yds.,  but  plate  indented  and 
cracked  considerably. 

3.  One  shot  passed  through  at  25  yds. ;  at  50  yds.,  the  plates 
were  considerably  indented  and  cracked,  and  the  buUeta  passed 
between  the  joints. 

4.  None  of  the  bullets  passed  through  at  50,  25,  or  10  yds. ; 
the  plates  were  considerably  indented ;  the  bullets  passed  between 
the  joints. 

5.  6,  7.  None  of  these  plates  bullet-proof  at  50  yds.  Nos.  5 
and  7  plates  placed   together;  bullet  passed  through  lat  and 

•  Official :  Scientific  American^  Oct  10,  1863. 
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Ditto 


Homogeneous  iron,  2  plates,  4  ft.  x  2|  in.,  and 
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Case-hardened  wrought  iron,  2x2^  ft.. 


Homogeneous  iron,  2  plates,  2^  in.  apart,  with 
iron  bar  in  centre  of  plates 


Ditto. 


Iron  wire  rope,  i\  in.  circumference,  stretched 
across  a  frame  front  and  rear,  one  side  hori- 
xontally  and  the  other  vertically,  pressed  close 
and  screwed  with  iron  staples  to  the  frame,  2 
ft.  6  in.  X  25  in 
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front  to 
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29  I  9  homogeneous  iron  plates,  4  ogee  and  5  plain,  2 
!       ft.  2  in.   X  4^-  in.,  riveted  on  2  strips  of  cow-j 
hide,  overlapping 


71      12     I  7  %\ 

105     12     I  10  9.^ 

81      o  16  3i 

I 

105       6     '  to  i\ 

130       2     I  13  c.^ 


102       5     I     »5       • 
3«       6     '       5      10 


dented  2d,  and  one  hit  an  old  Bliot-mark,  and  passed  throa|rh 
both  plates. 

8,  9,  10.  N08.  8  and  9  placed  so  as  to  overlap  No.  10;  bulleu 
passed  through  Ist  and  dented  2d ;  and  same  result  at  25  yds« 

11,  12.  No.  11  placed  in  front  of  No.  12,  gradually  separating 
downwards ;  bullets  passed  through  1st  and  dented  2d. 

13,  14.  No.  13  plate  placed  behind  No.  14,  leaving  an  interval 
of  about  an  inch ;  bullets  passed  through  1st  and  slightly  dented  :^«i. 

15.  Not  bullet-proof  at  50  yds. ;  the  metal  too  highly  tempen^i, 
and  only  successfully  resisted  the  bullet  when  the  overUippiiu: 
joints  were  fairly  hit. 
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16.  l^ot  bullet-proof  at  50  yds. ;  3  shots  passed  throttgh,  and  2 
hit  the  overlapping,  which  did  not  penetrate. 

17.  Not  bullet-proof  at  26  yds. ;  one  shot  passed  through,  and 
one  hit  an  old  mark  and  passed  through  with  great  force ;  the 
plate  was  considerably  cracked  and  indented ;  at  10  yds.,  4  shot 
passed  through. 

18.  Not  bullet-proof  at  25  yds. ;  3  shots  passed  through,  and  3 
nearly  through ;  plate  indented  and  cracked  considerably.  At  10 
yds.,  6  shot  passed  though  out  of  10. 

19.  Bullet-proof  from  75  yds.  down  to  10  yds. ;  not  one  passed 
through ;  the  plates  were  considerably  indented ;  the  jalousie  part 
was  a  failure ;  the  hinges  gave  way. 

20.  Not  bullet-proof  at  75  yds. ;  resisted  when  hit  fair  on  the 
flaps,  but  when  near  the  joint,  forced  its  way  through.  The 
hinges  gave  way  after  20  rounds. 

21.  Bullet  passed  through  1st  plate  and  slightly  indented  2d. 
This  mantelet  is  shot-proof,  and  would,  in  all  probability,  admit  of 
thinner  plates  without  impairing  its  efficiency. 

22.  Bullet  proof  at  all  distances. 

23.  Not  bullet  proof. 

24.  Bullets  penetrated  and  would  have  passed  through  1  st  plate, 
as  before,  only  they  were  prevented  by  the  closeness  of  the  2d ; 
the  indentations  on  the  2d  plate  were  much  greater  than  when  the 
interval  was  IJ  in. 

25.  Bullet-proof  from  75  yds.  down  to  10 ;  not  one  penetrated ; 
slight  cracks  perceptible  in  rear  of  plate. 

26.  Consider  them  bullet  proof  at  the  shortest  range. 

27.  Bullet-proof  at  the  shortest  distance. 

28.  Not  bullet-proof  at  50  yds. ;  10  shots  penetrated,  cutting 
and  displacing  the  strands. 

29.  Not  bullet-proof;  one  shot  passed  through  at  75  yds.,  and 
6  shot  passed  through  at  50  yds.;  several  passed  through  the 
joints. 

899.  The  Committee  then  fired  at  the  best  of  these  mantelets 
with  12-pounder  segmental  shells,  which  broke  up,  and  32-pounder 
solid  shot,  which  caused  many  splinters,  and  came  to  the  conclu- 
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fiioD  that  thin  iron  nfiantelets  of  the  qualities  tried  are  not  adapted 
for  closing  the  embraBures  of  guns  liable  to  be  attacked  directlj 
or  replied  to  by  artillery.  They  may,  perhaps,  be  advantageously 
applied  to  embrasures  in  elevated  situations,  or  others  where,  from 
the  nature  of  the  ground  in  their  front,  guns  are  little  likely  to  be 
brought  against  them ;  and  in  such  case  shutters  of  homogeneous 
iron,  i  in.  thick,  would  appear  on  the  whole  preferable  to  the 
double-plate  mantelet  in  simplicity  and  durability,  the  weight 
being  nearly  the  same,  about  10  lbs.  per  square  foot.  Their  size, 
form,  and  mode  of  suspension  must  vary  with  the  form  of  the 
embrasure  or  opening ;  but,  in  any  case,  they  should  be  so 
attached  as  not  to  permit  that  entry  of  splinters  observed  at 
Chatham. 

"  Should  any  tougher  quality  of  iron  be  hereafter  made,  that 
will  resist  bullets  but  permit  the  passage  of  cannon  shot  and  shells 
witliout  splintering  itself  or  breaking  up  the  shells,  the  problem 
will  have  been  completely  solved. 

"  For  siege-works  and  other  situations  under  artillery  fire,  the 
Committee  incline  to  the  belief  that  a  non-resisting  screen  or 
curtain,  which  simply  hides  the  interior  of  the  work,  is  preferable 
to  the  mantelet." 

900.  Experiments  with  Steel  and  €tet*lroii  IShot  afalnst  Lii 
Flandre  Target,  Anguat,  1864.^ — ^^  The  target  was  composed  of 
4  layers  of  plates,  the  two  upper  being  of  4f  in.  thickness,  and  the 
two  lower  plates  of  6,^^  in.  thickness.  Those  plates  were  bolted 
on  by  screws  of  1^  in.  diameter,  with  a  coarse  thread  at  their 
points  to  hold  fast  in  the  wood.  The  screws  in  the  upper  plates 
were  19  in.  long,  and  placed  at  intervals  of  lOJ  in.  from  centre  to 
centre ;  and  the  screws  in  the  lower  plates  were  21  in.  long  and 
14  in.  apart  from  centre  to  centre.  Immediately  behind  the 
plates  was  placed  10  in.  of  teak  laid  horizontally,  and  behind  tliat 
11  in.  of  oak  placed  vertically,  inside  which  was  an  oak  planking 
of  6  in.  thickness,  making  a  total  of  27  in.  of  wpod  behind  the 
iron  plates.    This  structure  was  strengthened  on  the  upper  part 

*  This  account  is  from  a  corrected  report  of  the  experiments,  published  in  the 
4rmy  and  Navy  Gazette,  Aug.  13,  1864. 
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by  a  shelf-piece  20  in.  deep  and  4^  in.  thick,  supported  by  wooden 
knees  14  in.  wide,  held  by  rather  slight  knee-irons  insafficiently 
bolted.  These  knees  were  5  in  number,  and  had  about  2  ft.  10 
in.  space  between  them.  The  lower  part  of  the  structure  was 
supported  by  the  water-way  and  deck  laid  of  the  proper  thickness, 
the  whole  mass  being  securely  fastened  in  front  of  Mr.  Scott 
Russell's  target." 

The  first  cast-iron  ball,  from  a  68-ponnder,  struck  a  corner  of  a 
plate,  broke  up  and  indented  the  plate  5  in. 

"  No.  2  roand  was  fired  from  the  110-pounder  breech-loader, 
with  12  lbs.  of  powder  and  a^  cast-iron  projectile  of  110  lbs.,  and 
made  an  indent  of  1*7  in. 

^'  No.  3  round  was  from  the  68-pounder,  with  a  steel  ball,  and 
made  an  indentation  of  5*7  in.,  laying  bare  the  wood. 

"  No.  4  round  was  from  the  110-pounder,  with  a  steel  projectile, 
which  penetrated  about  5  in.  and  stuck. 

"  No.  5  round  was  from  the  12i-ton  shunt-rifled  gun  of  9*22-in. 
bore,  and  was  fired  with  30  lbs.  of  powder  and  a  steel  shot  of 
al)out  225  lbs.  weight  This  went  clean  through  the  target,  pene- 
trating the  shelf-piece  and  cutting  some  of  the  supports.  It  was 
stopped  by  the  Scott  Russell  target,  which  it  indented  and 
cracked. 

'^  No.  6  round  was  fired  from  the  same  gun.  One  of  Captain 
Palliser's  chilled,  hollow  shots,  weighing  258  lbs.,  was  fired  with 
44  lbs.  of  powder,  and  went  through  the  target,  tearing  off  one  of 
the  knees,  and  hurling  it  a  dozen  or  more  feet  behind.  This  shot 
broke  up  into  a  great  number  of  pieces. 

"  No.  7  round  was  fired  from  the  lO^-in.  12-ton  gun,  which  is 
also  shunt-rifled  ;  but  in  this  case  a  steel  ball,  weighing  168  lbs., 
was  fired  with  50  lbs.  of  powder,  going  through  the  target  with 
plenty  of  force  to  epare. 

"  No.  8  round  was  with  a  steel  ball  from  the  68-pounder,  which 
made  an  indent  of  3*9  in.  in  the  lower  plate. 

"  No.  9  round  was  with  a  steel  projectile  from  the  110-pounder 
breech-loader ;  it  made  an  indent  of  2*8  in. 

"  No.  10  round  was  from  the  lOJ-in.  gun,  which  again  fired  a 
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Bteel  round  ball  of  168  lb&,  with  only  23^  lbs.  of  powder.  This, 
to  the  Rurprise  of  those  few  who  knew  the  fact  of  the  low  chaige. 
went  clean  through. 

"  No.  11  round  was  from  the  9'23-in.  gun,  with  30  lbs.  of 
powder  and  225-lb.  steel  shot,  and  went  through,  like  the  previoiis 
6th  round  from  the  same  gun. 

^'  No.  12  round  was  from  the  lO^in.  gun,  and  this  time  a  301- 
lb.  shot  was  fired  with  35  lbs.  of  powder.  This  shot  proved  to  be 
of  cast  iron  instead  of  steel,  and  it  broke  up  after  deeply  indenting 
the  plate  and  seriously  shaking  the  target 

**No.  13  round  was  from  the  9-22-in.  gun,  with  30  lbs.  of 
powder  and  a  220-lb.  steel  shot,  which  went  through  the  target. 

*'  No.  14  round,  from  the  lOJ-in.  gun,  with  35  lbs.  of  powder 
and  a  steel  shot  of  301  lbs.,  also  passed  through. 

**  No.  15  round  was  from  the  9*22-in.  gun,  with  30  lbs.  of 
powder.  This  time  a  steel  shell,  containing  11  lbs.  of  powder, 
was  used.  The  shell  burst  in  the  centre  of  the  middle  lower 
plate,  which  it  split,  thrusting  out  the  plate  below,  which  was  also 
split,  as  well  as  all  the  woodwork. 

^'  This  round  completed  the  shattering  of  the  tai^t  behind,  and 
in  front  some  of  the  plates  were  just  hanging,  others  were  pushed 
out  of  place,  and  the  whole  a  wreck. 

''  Captain  Palliser  now  had  2  rounds  from  the  9'22-in.  gnn, 
which  sent  his  chilled  projectiles  through  one  of  the  upper  platen 
with  30-lb.  charge  each  round." 


fired  at  tliis  plate,  several  overlapping  each  other.  Plate  was 
started  i  in.  from  backing.  After  twelve  alioU  were  finnl  fn>ni 
tlte  68'pounder  gun,  with  IC-Ib.  charge,  prodacing  only  blight  in- 
dcntationa  varying  from  2*9  t4i  3*1  in.,  two  shoU  were  tinsi  from 
the  l(K)-}>ounder  gun  with  25-lb.  charge.  The  first  was  made  of 
caat  iron  at  Woolwich  laboratory.  It  broke  up  after  |jenetrating 
the  plated  in.  The  second  was  made  of  Dr.  Prioc^s  crucible  irt>n. 
Tlie  shot  waa  again  destroyed  after  a  {lenetration  off  of  its  diam- 
eter into  the  plate.     Backing  sound. 

''  liojfol  AlfrtiU  '4  in.  thick  (J.  Brown  &  Co.)  -This  plate  re* 
ccivinI  five  M*vere  blows  near  ita  edge  from  the  4>H.|M>under  ca^t• 
inm  bliut  witliout  uliowing  material  injury.  A  wrought*ir«m  shot, 
caMhhunlent*d,  wai»  su)iMH{uently  fired  at  it,  producing  an  indent 
1\  in.  dM*p  and  9  in.  diameter.  A  Be^^emer  cast-«tt*ol  shot  fol- 
lowc<I,  cmlHHltiing  itM*lf  nearly  half  its  diameter  in  the  plato.  No 
crack*  ap|K*ared  an>und  the  part  struck.  Another  cant-ntcel 
urucible)  bhot  was  then  fire<l,  and  Atruck  4  in.  distant  from  the 
preceding  one,  shaking  it  out  of  it«  place.  Tlii«  i*h«»t  stuck  in  the 
plate,  pMJecting  8*7  in.  a)>ove  the  platcV  outer  f»iirtai-e.  Although 
the  »hot  pn>cr>*ed  \\a  spherical  form,  it  wan  much  bn>ken  up. 
Injury  to  hacking,  niL 

*•  Prinrt  AUfrrt,  H  »"•  ^1"<*1^  (J-  Bruwn  &  Co.)  —This  plate  was 
t{  ft.  long  and  had  lieen  reheated  and  bent.  It  was  severeh'  tried 
on  tlie  lower  e<Ige  by  tliree  overlapping  idiot  which  made  two 
cra4*ks  downward*.  It  received  a  fourth  ftliot  near  tlie  c*entre 
witht»ut  hliowin<r  any  cracrk. 

"-ly/w/^'wr/,  &J'in.  hammoTtj«l  plato  (Memey  (%impany).— The 
fir^t  two  blowa  from  the  ({^-{Niunder  infiietc^I  nt>  appan*nt  injury 
u|Min  thirt  |»liit«*.  Tlie  thinl  bnnight  €>ut  a  cnu^k  i  ft.  in  length. 
Tlie  fourth  »hot  eraiki^cl  the  plate  thnmgh  U>  within  an  inch  of 
the  surfa4*t>.  Shtit  6  bn»ko  out  a  pit^co  S  ft.  0  in.  x  19  in.  It  n«- 
i*rivcd  Heven  iihotA  in  all. 

'*  Jyi/i/t/urf,  &|>in.  n>lltHl  plate  (Mer«<*y  (\>m{NUiy)  wan  an  ex* 
cellent  plate.  Tlit*  indentations  were  slight;  and,  though  some 
of  the  shot*  ti»ueh<*<l  enrli  tithtT,  no  rrack*  Were  apparent  except 
in  the  6th  indent.     It  rec*eiv<*<]  nine  shots. 


I 


^PPE]srDIX. 


GUN-COTTON. 

901.  Report  on  the  Applicatton  off  Omt-Cotton  to  War- 
like Purpose*.    (From  the  Report  of  the  RrltUh  AMOoiatlon, 

196S,)* — Since  the  invention  of  gun-cotton  by  Professor  Schonbein 
of  Bafile,  the  thoughls  of  many  have  been  directed  to  its  applica- 
tion to  warlike  purposes.  Many  trials  and  experiments  have  been 
made,  especially  by  the  French  Oovemment;  but  such  serious 
difiSculties  and  objections  presented  themselves,  that  the  idea 
seemed  to  be  abandoned  in  every  country  but  one.  That  country 
was  Austria.  From  time  to  time  accounts  reached  England  of 
its  partial  adoption  in  the  Austrian  service— though  no  explana- 
tion was  afforded  of  the  mode  in  which  the  difficulties  had  been 
overcome,  or  the  extent  to  which  these  attempts  had  been  suc- 
cessful. 

This  was  the  state  of  the  case  when  the  present  Committee  was 
appointed. 

During  the  year  your  Committee  have  been  put  in  possession  of 
the  fullest  information  on  the  subject,  mainly  from  two  sources, 
F.  A.  Abel,  Esq.,  F.  R.  S.,  the  Chemist  to  the  War  Department, 
and  Baron  William  von  Lenk,  Major-General  of  the  Austrian 
Artillery,  who  is  the  inventor  of  the  system  by  which  gun-cotton 
is  made  practically  available  for  warlike  purposes. 

Mr.  Abel,  by  permission  of  the  Secretary  of  State  for  War, 
has  communicated  the  information  given  by  the  Austrian  Govem- 

♦  This  Committee  consisted  of  J.  H.  Gladstone,  Ph.  D.,  F.  R.  8.,  Prof.  W.  A.  MiUer, 
M.  D.,  F.  R.  S.,  and  Prof.  E.  Frankland,  Ph.  D.,  F.  R.  S.,  from  Section  B.;  and  W.  Fair- 
bairn,  LL.  D.,  F.  R.  S.,  Joseph  Whitworth,  P.  R.  S.,  James  Nasmyth,  0.  E.,  F.  R.  A.  &, 
J.  Scott  Russell,  0.  E.,  F.  R.  S.,  John  Anderson,  G.  E.|  and  Sir  W.  G.  Armstrong,  G.  B., 
LL.  D.,  F.  R.  8.,  from  Section  G. 
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ment  to  tlie  Government  of  this  country,  and  the  resiilts  which 
he  has  himself  arrived  at  during  the  course  of  an  elaborate  series 
of  experiments. 

General  von  Lenk,  on  the  invitation  of  your  Conmiittee,  and 
by  permission  of  the  Emperor  of  Austria,  paid  a  visit  to  this 
country,  with  the  object  of  answering  any  inquiries  the  Commit- 
tee might  make,  and  explaining  his  system  thoroughly;  and 
for  this  purpose  he  brought  over  drawings  and  samples  from  the 
Imperial  factory.* 

In  addition  to  these  principal  sources  of  information,  your 
Committee  would  mention  the  services  rendered  by  two  of  their 
own  number.  Professor  Frankland  was  able  to  corroborate  by 
his  own  experiments  most  of  the  statements  made  in  the  earlier 
communications  of  Mr.  Abel.  Mr.  Whitworth  has  made  experi- 
ments on  the  application  of  gun-cotton  in  mines,  and  has  sent 
over  to  Austria  rifles  and  ammunition,  to  be  experimented  with 
by  Baron  von  Lenk,  with  a  view  of  obtaining  results,  which  he 
has  promised  to  communicate  to  the  Committee. 

The  following  documents  form  part  of  this  Report,  and  contain 
the  information  received, 

I.  Report  by  Mr.  Abel,  received  February,  1863,  on  the  system 
of  manufacture  of  gun-cotton,  as  carried  on  in  the  Imperial 
Austrian  Establishment. 

II.  Report  by  Mr.  Abel,  dated  February  10th,  1863,  on  the 
composition,  and  some  properties,  of  specimens  of  gun-cotton 
prepared  at  the  Austrian  Government  Works. 

III.  Memorandum  by  Mr.  Abel,  with  reference  to  experiments 

*  It  would  appear  that  the  British  GoTemment  at  first  attempted  to  get  at  tiie 
secret  of  the  Austrian  success  without  the  aid  of  General  Lenk.  Failing  in  this,  thej 
formally  applied  to  the  Austrian  Government,  which  granted  their  request  for  political 
reasons,  but  gave  as  little  and  as  unsatisfactory  information  as  possible  to  the  British 
Commissioners.  Mr.  Abel,  however,  from  the  inadequate  report  of  the  Commissioners, 
and  what  additional  information  he  could  gather,  made  some  tolerably  good,  but  not 
perfect,  gun-cotton.  Meanwhile,  General  Lenk,  naturally  anxious  to  have  the  British 
Government  use  his  invention  successfully,  if  at  all,  was  induced  to  come  to  England, 
and  to  oonmiunicate  the  necessary  information.  This  practical  result  was  chiefly  due 
to  the  exertions  of  Mr.  Scott  Russell 

Greneral  Lenk's  gun-cotton  is  patented  in  England  and  in  the  United  States. 


GuN-CoTTON.  785 

in  progress  bearing  upon  the  mannfacture  of  gnn-cotton.  Re- 
ceived August  27tli,  1863. 

lY.  General  von  Lenk's  replies  to  the  questions  put  to  him  at 
the  Meetings  of  June  22  and  July  14. 

V.  Extracts  from  a  report  on  Baron  Lenk's  gun-cotton  by 
Professors  Bedtenbacher,  Schrotter,  and  Schneider.  Dated  June, 
1863. 

On  the  data  afforded  by  these  documents,  and  other  informa- 
tion communicated  personally  by  Baron  Lenk,  your  Committee 
have  founded  their  present  Report.  It  must  therefore  be  re- 
garded in  the  light  of  a  preliminary  inquiry  Should  the 
Committee  be  reappointed,  they  will  be  happy  to  undertake  some 
experiments  with  the  view  of  clearing  up  those  points  which  are 
still  more  or  less  obscure. 

These  communications  are  broken  into  paragraphs,  which  are 
numbered  for  convenience  of  reference ;  those  of  Mr.  Abel  are 
indicated  by  the  letter  A.,  those  of  Baron  Lenk  are  distinguished 
by  the  letter  L.,  whilst  the  extracts  from  the  Austrian  chemists 
are  marked  C. 

The  following  is  a  summary  of  the  more  important  matters 
referred  to  in  this  evidence,  with  the  main  conclusions  which 
your  Committee  have  drawn  from  them.  The  subject  may 
naturally  be  divided  into  two  parts,  the  chemical  and  the  me- 
chanical. 

1.  CHEMICAL  CONSIDERATIONS. 

903.  Under  this  head  are  included  the  manufacture  of  the 
gun-cotton  itself,  and  the  answers  to  such  inquiries  as  those  which 
refer  to  its  liability,  or  non-liability,  to  deterioration  by  keeping, 
the  possibility  of  its  spontaneous  decomposition,  and  the  nature 
and  effects  of  the  products  into  which  it  is  resolved  on  explosion. 

As  to  the  chemical  nature  of  the  material  itself,  Baron  Lenk's 
gun-cotton  differs  from  the  gun-cotton  generally  made,  in  its  com- 
plete conversion  into  a  uniform  chemical  compound.  It  is  well 
known  to  chemists  that,  when  cotton  is  treated  with  mixtures  of 
strong  nitric  and  sulphuric  acids,  compounds  may  be  obtained 
varying  considerably  in  composition,  though  they  all  contain  the 
50 


elements  ot  the  nitnc  acid,  and  are  all  explosire.  Ihe  most 
complete  combination,  or  product  of  substitution,  is  that  de- 
scribed by  Mr.  Hadow  as  Ca«H«i  (9NO4)  0»,  which  is  identical  with 
that  termed  by  the  Austrian  chemists  Trinitrocellulose,  Ci,  H. 
(3NO4)  0,0.  (C.  2).  This  is  of  no  use  whatever  for  making  collo- 
dion, but  it  is  Baron  Lenk's  gun-cotton,  and  he  secures  its  produc- 
tion by  several  precautions.     Of  these  the  most  important  are — 

1st.  The  cleansing  and  perfect  desiccation  of  the  cotton,  as  a 
preliminary  to  its  immersion  in  the  acids. 

2d.  The  employment  of  the  strongest  acids  attainable  in 
commerce. 

3d.  The  steeping  of  the  cotton  in  a  fresh  strong  mixture  of  acidft. 
after  its  first  immersion  and  partial  conversion  into  gnn-ootton. 

4th.  The  continuance  of  the  steeping  for  forty-eight  hoom 

5th.  The  thorough  purification  of  the  gun-cotton  so  produced. 
from  every  trace  of  firee  acid.  This  is  secured  by  its  betiif 
washed  in  a  stream  of  water  for  several  weeks.  Subsequently  1 
weak  solution  of  potash  may  be  used,  but  this  is  not  essentiaL 

The  prolonged  continuance  of  these  processes  appears  at  fint 
sight  Superfluous,  but  it  is  really  essential ;  for  each  cotton-fibre  ii 
a  long  narrow  tube,  often  twisted  and  even  doubled  up,  and  the 
acid  has  first  to  penetrate  into  the  very  furthest  depths  of  these 
tubes,  and  afterwards  has  to  be  soaked  out  of  them.  Ilenoe  the 
necessity  of  time.  It  seems  to  have  been  mainly  firom  want  of  thesse 
precautions  that  the  gun-cotton  experimented  on  by  the  Frenct 
Commission  gave  irregular  and  unsatisfactory  results.   (C.  1.) 

From  the  evidence  before  the  Committee,  it  appears  that  this 
highest  nitro-compound,  when  thoroughly  fi-ee  from  acid,  u 
not  liable  to  some  of  the  objections  which  have  been  urpi 
against  that  mixture  of  compounds  which  has  been  usuaUr 
employed  for  experiments  on  gun-cotton. 

These  advantages  may  be  classed  as  follows : — 

1st.  It  is  of  uniform  composition,  and  thus  the  force  of  the 
gases  generated  on  explosion  may  be  accurately  estimated.     {C.  1  • 

2d.  It  will  not  ignite  till  raised  to  a  temperature  of  at  Iea?t 
ISe^'C.  (277''  F.),  a  heat  which  does  not  occur  unless  artifidaUT 
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produced  bj  means  which  would  render  gunpowder  itself  liable 
to  ignition.     (C.  5.) 

3d.  It  is  almost  absolutely  firee  from  ash  when  exploded  in  a 
confined  space. 

4th.  It  has  a  Very  marked  superiority  in  stability  over  other 
forms  of  gun-cotton.  It  has  been  kept  unaltered  for  fifteen  years, 
and  is  not  liable  to  that  spontaneous  slow  decomposition  which  is 
known  to  render  lower  products  worthless  after  a  short  time. 
(C.  4,  6.)  Yet  there  are  still  some  reasons  for  suspecting  that 
even  the  gun-cotton  produced  at  the  Imperial  works  suffers  some 
gradual  deterioration,  especially  when  exposed  to  the  sunlight. 
(A.  20;  C.  3). 

The  details  of  the  process  of  manufacture  at  Hirtenberg  are 
given  at  length  in  Mr.  Abel's  first  report,  in  General  von  Lenk's 
replies  (L.  21),  and  in  a  patent  (No.  1090)  taken  out  by  Mr. 
Thomas  Wood  Grey,  and  sealed  Oct.  10, 1862. 

The  course  of  proceeding  recently  adopted  at  the  Royal  Gun- 
powder Works,  Waltham  Abbey,  is  fully  described  in  Mr.  Abel's 
third  memorandum.     (A.  10-16.; 

There  is  one  part  of  the  process  not  yet  alluded  to,  a'hd  the 
value  of  which  is  more  open  to  doubt,  namely,  the  treatment  of 
the  gim-cotton  with  a  solution  of  silicate  of  potash,  commonly 
called  water-glass.  Mr.  Abel  (A.  15)  and  the  Austrian  chemists 
think  lightly  of  it ;  but  Baron  Lenk  considers  that  l^e  amount  of 
silica  set  free  on  the  cotton  by  the  carbonic  acid  of  the  atmos- 
phere is  really  of  service  in  retarding  the  combustion.  He  adds 
that  some  of  the  gun-cotton  made  at  the  Austrian  Imperial  Works 
has  not  been  silicated  at  all,  and  some  but  imperfectly;  but 
when  the  process  has  been  thoroughly  performed,  he  finds  that 
the  gun-cotton  has  increased  permanently  about  3  per  cent,  in 
weight.  A  piece  of  one  of  the  samples  left  by  the  General  was 
indeed  found  to  contain  2*33  per  cent,  of  mineral  matter,  consist- 
ing chiefiy  of  silica.* 

*  Two  oombustionB  of  it,  made  hj  Dr.  Gladstone,  gave  respectively  2*27  and  24  per 
cnnt  of  ash.  It  was  mainly  Insoluble  silica  in  a  state  of  very  fine  division;  but  acids 
diascdved  out  of  It  an  appreciable  amount  of  lime. 


on  explociiom  m  thftt  there  is  no  smoke  to  obscore  the  sight  of  the 
•ohlier  who  ii«  firing,  or  to  {nnnt  out  his  positii>n  to  the  enemy ; 
mnd  no  residue  left  in  the  gun  to  be  g(»t  rid  of  before  another 
charge  can  be  introduced. 

S.  MBCIIANICAL  00N8IDBRATIONS. 

•#S«  At  the  outset  of  this  inquiry  t)ie  Mectianical  Members 
of  the  (\>mmittee  found  it  difficult  to  believe  that  greater  effects 
are  produced  )>y  a  given  votumi*  i>f  gases  generated  from  gun- 
c«itton  ttian  liy  an  e(|ual  volume  of  gases  generated  from  gun- 
powder ;  nevertheloM,  from  tlie  facts  as  brought  Iwfore  the  Cnim- 
mitt4«<(\  such  amtradictiim  would  at  first  sight  ap|)ear  to  exist 

The  great  waste  of  force  in  gunpowder  constitutes  an  important 
differen<*e  lietwe4>n  it  and  gtm-ci>tt4in,  in  which  ttiere  is  no  waste. 
Acn>rding  Uy  the  experiments  of  Buntien  and  Schischkoff/  the 
waste  in  gtin|M»w<ler  is  ^W  [M.*r  c*ent  of  its  own  weight,  and  only 
33  per  cent.  ii%  UM*fuI.  Tliis  <W  |ier  cent,  is  not  only  wa«ite  in 
itnelC  but  it  wastes  t)ie  power  of  t)ie  remaining  32  pt*r  cent.  It 
wastes  it  mechanically,  by  using  up  a  large  portion  of  the  mtH-han- 
ical  force  of  the  UM*ful  gaM<s.  The  waste  of  gunpowder  issues 
frf»m  the  gim  with  much  higher  velocity  than  the  projectile ;  and 
if  it  lie  rememben*d  tliat  in  lOtl  llis.  of  useful  gunpowder  this  is 
r»H  lU.,  it  will  appt*ar  that  a  |Mirtion  of  the  33  IIni.  of  useful  gun- 
|M»wiler  fCHA  mui*t  Im*  empIoy^Ml  in  impelling  a  6H-lb.  shot  com- 
InimnI  of  the  n*fuiH*  of  gun|)owder  itstdf. 

Then*  in  y<*t  another  |NN*iiliiir  feature  of  gun-4*f »tt4>n :  it  can 
U*  e\|>IiMhN|  in  any  <|uantity  inntantatieousiy.  Tliis  was  once 
eon'«idere<l  iti»  ^rvhX  fiiult;  but  it  wa«  only  a  fault  wh(*n  wo  were 
i;:nomnt  of  the  iiieani%  t4>  make  that  V(*l<N*ity  any  thing  we  pleaM*<l. 
(teneral  vou  I>t*nk  hm*  diii4^)venHl  the  mean  of  pving  gim-<-<»Ct4m 
uny  veltieity  of  ex|>lo»itin  that  i^  n^|uin*il,  by  iiien*ly  varying  the 
ni«*<*h.tniral  arran;r(*tnents  under  wliieh  it  in  UiM««i.  <«un-<*titton  in 
I. ilk  handn  han  any  ii]ieed  of  explosion^  from  1  f<H»t  |ier  soc*ond  t4>  1 
fiMit  in  T^iyf  of  a  M'^'ond,  or  to  inntantaiieity.  Tlie  instantanetHU 
c:iI>h»^iou  of  a  large  quantity  of  gim-eotton  is  made  u«q  of  when  it  is 
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required  to  produce  destructive  effects  on  the  Burrounding  materUL 
.  The  Blow  combustion  is  made  use  of  when  it  is  required  to  prinloee 
manageable  power,  as  in  the  case  of  gunnery.  It  is  plain,  there* 
fore,  that  if  we  can  explode  a  large  mass  instantaneously,  we  get 
out  of  the  gases  so  exploded  the  greatest  possible  power,  beci^iue 
all  the  gas  is  generated  before  motion  commences,  and  this  is  the 
condition  of  maximum  effect  It  is  found  that  the  conditioQ 
necessary  to  produce  instantaneous  and  complete  explosion  is  the 
absolute'  perfection  of  closeness  of  the  chamber  containing  the 
gun-cotton.  The  reason  of  this  is,  that  the  first  ignited  gases 
must  penetrate  the  whole  mass  of  the  cotton ;  and  this  they  do 
(and  create  complete  ignition  throughout)  only  under  pressure. 
This  pressure  need  not  be  great.  For  example,  a  barrel-load  of 
gun-cotton  will  produce  little  effect  and  very  slow  combustion 
when  out  of  the  barrel,  but  instantaneous  and  powerful  explobioa 
when  shut  up  within  it. 

On  the  other  hand,  if  we  desire  gun-cotton  to  produce  mechan- 
ical work  and  not  destruction  of  materials,  we  must  provide  fur 
its  slower  combustion.  It  must  be  distributed  and  opened  uut 
mechanically,  so  as  to  occupy  a  larger  space,  and  in  this  state  it 
can  be  made  to  act  even  more  slowly  than  gunpowder ;  and  the 
exact  limit  for  purposes  of  artillery  General  von  Lenk  has  found 
by  critical  experiments.  In  general  it  is  found  that  tlie  proportion 
i)f  11  lbs.  of  gun-cotton,  occupying  1  cubic  foot  of  space,  producer 
a  greater  force  than  gunpowder  (of  which  from  50  to  60  lb*, 
occupy  the  same  space),  and  a  force  of  the  nature  required  for 
ordinary  artillery.  But  each  gun  and  each  kind  of  projectile 
requires  a  certain  density  of  cartridge.  Practically  gun-cotton  b 
most  effective  in  guns  when  used  as  }  to  |  weight  of  powder,  and 
occupying  a  space  of  lyV^h  of  the  length  of  tlie  powder  cartridge, 
and  of  such  density  that  11  lbs.  occupy  a  cubic  foot. 

The  mechanical  structure  of  the  cartridge  is  of  high  importance, 
as  affecting  its  ignition.  The  cartridge  is  formed  of  a  mechanical 
arrangement  of  spun  cords ;  and  the  distribution  of  these,  the 
place  and  manner  of  ignition,  the  form  and  proportion  of  the  car- 
tridge, all  affect  the  time  of  complete  ignition.     (A.  19.;  L.  XL) 


it  16  Dj  ine  complete  maKtcTV  uc  lia^  gained  over  an  Uie^e  minute 
puiiiU  that  (fencrmi  Lenk  \a  enabled  to  give  to  the  action  of  gon- 
cottoii  on  the  projectile  any  law  of  force  he  plcai^^. 

Even  at  the  present  high  price  of  cotton,  iti»  ctujtt  of  pniduction 
i«  said  to  be  Ie«s  than  that  of  gun{)owdor,  the  price  of  quantitien 
being  compared  which  will  produce  equal  effcct^u    (L.  2o.) 

PRACTICAL  APPLICATIOXS. 

9#4*  (run-c^>tton  \a  ummI  f<ir  artillerj  in  the  form  of  ihread  or 
»pun  yam.  In  thin  bimple  fonn  it  will  conduct  c4>mlm»tion  nlowly 
in  tlie  4i|K.Mi  air  at  a  rate  of  not  more  than  1  f(M>t  pi*r  sc^cond.  Tlii« 
thrnid  in  woven  into  a  texture  or  circular  web.  The^e  wcIm  are 
mude  of  variourt  diameten;  and  it  i«  (»ut  of  tlieM3  webi»  that  C4im- 
mon  rit1i*-cartrii]ge»  are  inaile,  merely  by  cutting  them  into  the 
proiN*r  leii^rths  and  enclosing  them  in  ^tifT  cylinders  of  paatc- 
lH>anK  which  form  the  cartridge.  In  thtf%  bhH|H*  it«  ctmibu^tiiiu  in 
the  o]N*n  air  takt*H  place  at  a  i»iK*e<l  of  10  feet  )ier  MH!ond.  In 
thci«e  cylindrical  web«  it  i«  aI<»o  ummI  to  till  exph»iiive  shellft,  a«  it 
can  U*  i*<mvenicntly  cmph>y4Nl  in  thi«  iihtt|>e  t<»  pa^  in  through  the 
ni*tk  of  the  »helL  (run-<*otton  thn*aii  ia  »pun  into  ropes  in  the 
ii»ual  way,  up  t4>  ^  inchi*«  diameter,  hollow  in  tlie  centre.  This 
isth<*f«»rin  um**!  for  blasting  and  mining  puriM>mM;  it  combines 
gn*at  ilrn.nity  with  f»|H*e<iy  exploi»ion,  and  in  thiA  fonn  it  is  con- 
▼eni<*ntly  coilin]  in  ca»kii  and  Mowc^l  in  Imix<*«.  Tlie  gun-<*otton 
yarn  in  uk«<1  dirwtly  U*  form  cartrid;r«*^  for  larce  gun4,  l>y  lH*ing 
wound  n»und  a  )M>bi>in,  ^^  as  to  form  a  spindle  like  that  um*«l  in 
fkpinniiiir-milU.  Tlio  )H»bliin  in  a  holl«»w  tuU*  of  pa|NT  or  w«nm1. 
Tlic  «il>j**(*t  of  the  w<MMien  nnl  in  to  mimih*  in  all  rikM*n  the  ne(*<^^ary 
length  of  chamber  in  the  gtin  nH|uin*<l  for  the  mo*t  etfrctive  ex- 
pl«»»ion.  The  guiM*otton  ein*uiar  web  \m  (*n<*lihM*«I  in  tiilM**  of 
Indi:i-rulilN*r  cloth  to  form  a  match-line,  in  which  ft»nn  it  is  mo^t 
c^mvenicnt,  and  traveU  with  niMi^l  and  certainty, 

9#j|.  ^V/Mrvy«i;irfV  «i/i//  .Syor»i/fr*  nf*  //ti«-^  o/Am.  —  It  HMilts  fnmi 
tlie  f4»n*goini;  fat'tn  th:tt  1  lb.  of  ;;utM*ott'>n  pr>»4lu(*«*«  the  etToct  of 
more  tluui  3  1)»».  of  gun|»<»wdcr  in  artillery.  Tiii*  i«  a  material 
advantagt*,  whether  it  l»o  earri«'«l  by  men,  by  lior^^a,  or  in  w»;rt»ru. 


priMlucing  bifrli  velocities  in  shown  in  tko  following  ex[)eriiiient 
with  a  Knipp^s  caAt-stcel  pun,  6-]H>undor.  An  ordinary  charge, 
34)  oJL  powder,  produced  VMS  (wx  jier  second.  A  charge  of  13J 
oz.  gunHX>tton  produced  1568  feet 

The  oomparative  advantage  in  shortness  of  gun  is  shown  in 
the  following  experiments  with  a  l^fKinnder : — 


G«npow4«r.... 

G«IA-<ottOM».. 
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A  Jean/a^  in  Wtijht  of  Gun. — ^The  fact  of  the  recoil  lieing 
less,  in  the  ratio  of  2 :  3,  enables  a  less  weight  of  gun  to  be 
eniplove«l  as  well  as  a  sliorter  gun,  witliout  the  disadvantage  to 
practice  arising  from  lightness  of  gun.     (L.  5.) 

##H.  Etulur^inty  of  Gun, — Bronze  and  cast-iron  guns  have 
been  fired  1000  rounds  without  in  tlie  least  afiecting  tlie 
endurance  of  the  gun. 

9#9*  A  jtj J* tuition  to  dt'Mtruriirr  Erpldmions,^ — KrjAiHtum  of 
S/tfl/ji. — Fn>m  s<>me  unexplaine<l  difference  in  the  a(*tion  of  gun- 
cotton,  thrre  is  an  extraoniinarv  diffcren«'c  c»f  nvult  ai^'ctimiMUXHl 
with  gun|M>wder;  namclj,  the  same  i%lirll  is  cxphnhHl  |»v  tlic  i^ome 
quantity  of  gas  into  nitirc  than  double  tlie  nuinlier  of  piect^. 
Tin-*  is  partly  to  Ih»  a4*<Huuit4Hl  for  by  l!ie  gn»atcr  vcb^'ily  of 
ex|il<»i«ion  wlicn  the  gtnM*i>tton  i-*  fH»nrim«<l  vrry  cl<is«'ly  in  v«»ry 
stnull  spui*cs.  It  is  ali«o  a  iN^MiIianty,  that  the  stnidpT  the 
shell  the*  smaller  the  fra^nii*titH  inUt  which  it  1^%  bn>kcn.     (  L  17.) 

9I#.  Mtnlruj  f'mt. — The  fa4't  tliat  the  a(*tion  of  gun-^iitton 
is  violent  and  rapiti  in  exa4*t  pni|M>rti«m  to  the  r«*<«i*tarire  it  en- 
counters,  t(*IU  u<«  the  M^^n't  of  its  far  hij^hcr  ctli<*a«*y  in  mining 
than  giin|x»Wfler.  Tlie  stn>n;ri»r  the  nn-k  the  h»^  (runniitton 
n»inpaniti\«'ly  with  gini|>owd«'r  in  niN-i»-»*ary  for  tli«»  i*t!Vi-t ;  m) 
mu<  ii  ^>  that,  while  );iirM*ott4»n  14  stn»n:r«*r  tli^n  |Miwd«'r  a«  3  to  1 
in   artillery,  it  i*  stmn^^iT   in    tlie   pn»|M>rtion  of  ti'^TI  :  1  in  a 


7  and  16.)  The  danger  from  explosion  does  not  arise  until  it  i« 
confined,  as  it  simplj  bnrns  intensely  in  the  open  air.  It  toMX 
become  damp  and  even  perfectly  wet  without  injury,  and  mar  be 
dried  by  mere  exposure  to  the  air.  This  is  of  great  value  in  ship* 
of  war ;  and  in  case  of  danger  from  fire,  the  magasine  maj  be 
submerged  without  injury. 

006.  Practical  itse  in  Artillery. — ^It  is  easy  to  gather  from  the 
foregoing.general  facts  how  gun-cotton  keeps  the  gun  clean,  and 
requires  less  windage,  and  therefore  performs  much  better  in  outH 
tinuous  firing.  In  gunpowder  there  is  68  per  cent  of  refuse,  or 
the  matter  of  fouling.  In  gun-cotton  there  is  no  residnum,  and 
therefore  no  fouling. 

Experiments  made  by  the  Austrian  Committee  proved  that  100 
rounds  could  be  fired  with  gun-cotton  against  30  rounds  of  guiH 
powder. 

In  firing  ordnance  with  gun-cotton,  the  gun  does  not  heat  to 
any  important  extent.  Experiments  showed  that  100  roomb 
were  fired  with  a  6-pounder  in  34  minutes,  and  the  gun  was  raised 
by  gun-cotton  to  only  122^  Fahrenheit,  whilst  100  rounds  with 
gunpowder  took  100  minutes,  and  raised  the  temperature  to  sadi 
a  d^ree  that  water  was  instantly  evaporated.  The  firing  with 
the  gunpowder  was  therefore  discontinued ;  but  the  rapid  firing 
with  the  gun-cotton  was  continued  up  to  180  rounds  withoot  any 
inconvenience.  (L.  9.)  The  absence  of  fouling  allows  all  the 
mechanism  of  a  gun  to  have  more  exactness  tlian  where  allowanee 
is  made  for  fouling.  The  absence  of  smoke  promotes  rapid  firing 
and  exact  aim. 

9#7.  The  fact  of  smaller  recoil  from  a  gun  ehai^;ed  with  gnn* 
cotton  is  established  by  direct  experiment ;  its  value  is  tw<v.thirda 
of  the  recoil  from  gunpowder — ^the  projectile  effect  beintr  equal. 
(L.  5.)  To  understand  this  may  not  be  easy.  The  waste  of  the 
solids  of  gunpowder  accounts  for  one  part  of  the  saving,  as  in  ltM> 
lbs.  of  gunpowder  68  lbs.  have  to  be  projected  in  addition  to  the 
shot,  and  at  much  higher  speed.  The  remainder  General  von 
Lenk  attributes  to  the  different  law  of  combustion ;  but  the  fad 
is  established. 


1  ne  comparauve  aavanuge  oi  gun-cotton  ana  ganpowucr  for 
producing  bigh  velocities  \a  shown  in  the  following  exiwriniont 
with  a  Krupp^s  cast-steel  gun,  6-|K>under.  An  ordinary  charge. 
So  OIL  powder,  produced  13:iS  fi>et  per  second.  A  charge  of  13^ 
oz.  gunHX>tton  produced  1568  feet 

The  oomparatiTe  advantage  in  shortness  of  gun  is  sliown  in 
the  following  experiments  with  a  li-ponnder: — 


G«npo«4«r... 


Cbmw^ 

h^mglkidgmm. 

Tciurttr. 

490  o«* 

ijicaUbm. 

1400 

15.9    •• 

to 

i4s« 

170    - 

9         " 

1401 

Advantage  in  Wtid/fti  of  Gun. — The  fact  of  the  reixiil  lieing 
less,  in  the  ratio  of  3 :  3,  enables  a  less  weight  of  gun  to  be 
emplojed  as  well  as  a  sliorter  gun,  withi>ut  the  disadvantage  to 
practice  arising  fVom  lightness  of  gun.     (L.  5«) 

#9N.  KfiilurtifiiY  of  Gun. — Bronze  and  cast-iron  guns  have 
be<*n  fired  1000  rounds  without  in  tlie  least  affecting  tlie 
endurance  of  tlie  gun. 

#♦#•  Aj'jJif>iti4m  to  dfjttrucdrr  Krpl^mi^mM.^ — KrjJdHit^m  of 
SJuUa. — From  some  unexplained  difTerence  in  the  a<*tion  of  gun- 
cotton,  there  is  an  extraordinary  difTenmc^e  «if  rt»»«ult  aM*<-ontpan<Nl 
with  gun)M>wder;  namely,  the  same  shell  is  exphMlf<l  by  tlu*  name 
quantity  of  gns  into  more  than  double  the  numU*r  of  pi(M*es. 
Thii%  is  partly  to  U»  ai'ttMinttMl  for  by  the  gn»at4T  %•«•!« H'lty  of 
ex|»)(i^ion  when  the  gun-<Mtton  i**  r»>nrin<H|  very  ei«is«*ly  in  %ery 
small  sptt4*«*s.  It  is  aluo  a  |Kviiliarity,  that  the  stn»np*r  tite 
shfll  the  smaller  the  fraginontn  into  which  it  i^  bn»kcn.     1 1^  17.) 

9I#.  Mtnnnj  ^*«. — The  f:u*t  that  the  a«*tion  of  gim-<-i>tton 
is  violent  and  rapid  in  4*\H4*t  pniiM>rtion  to  the  n*<*iotarir4*  it  en- 
counters, telli*  u-t  tlie  M*<*n*t  of  itA  far  higher  i*tH<*a4*y  in  mining 
than  gtin|M>wdcT.  The  stMn;ri*r  the  nM*k  the  h*nM  ^unHi»tt4»n 
inmiparaiivoly  with  gini|Miwd«*r  is  n«Hi-^Kary  for  tiie  4'rtV«-t ;  m> 
mufii  Ml  th:it,  while  gun-«*<»tt«>n  14  stn»n:r«*r  than  |)owd«*r  a^  3  to  1 
in   artillery,  it  is  stnm;ri»r   in   thi*   pn>|M>rtii»n  of  iV^ili  :  1  in  a 

f  >r9  aiai}  n«-j  t«  •<  nnnt  •iprrimpnu  194*1 


ny  a  pmaii  doz  oi  zo  iiw.  laia  on  iw  cenirc :  uie  ondge  wiw  noi 
broken,  it  wa^  ndiivenHl. 

914.    rntlrr  Wa*cr. — Two  tiere  of   pilw  10  inchcH  thiok,  in 
water  13  feet  deep,  with  utones  l>otween  tliem,  were  blown  up  by 


Flu.  41S. 
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^''^hX^ 


Drdir*  of  (Mik.  •l.Attt'tHl  to  aUvn*  hjr  a  l-n  <if  ?*>  Il»«  of  inio-ri>tu<L 

a  bam*I  of  1<n)  IIk.  giin-<*«»tton  plact^l  3  feet  from  the  facv,  and  8 
fet*t  under  wat4*r.  It  niiule  a  clean  Bwe<*p  thnaigh  a  raditn  of  15 
fiH»t,  and  rai«HM|  the  wat<»r  2<h)  ft^'t.  In  Venii^e,  a  luim*)  <»f  4<h^ 
Ilm.  pla4*<Hl  near  a  hI«M>p  in  lo  Uh^x  water  at  IS  (vi.*x^  di^tanc*(\ 
uliatten'^l  it  to  pi<Ht*n  and  threw  the  fra|nnentii  to  a  heijcht  of  44¥) 
ftt't  {Y\^.  413 1. 

All  exiM'riiufntu  mailo  by  the  Au*«trian  Artillery  (\>mniilt4«o 
were  <N)iHlurt<«<l  on  a  grand  N*ah» — IM\  liatterieii  of  ♦»  and  12- 
iMMindem  having  Ikh^u  <«<»n'»tnirt4Hl  for  giin-<H»tton,  and  prai*tiM*d 

thi*  il  aUUKv  U>  hare  tirni  21  fr«-c  T)«^  «r»a«  'fff^-i  «/  ^-.^  .«•<'  «  .«  cLowo  hj  V  ^tL 
414  ^A  4i:^— «  3S  lb.  Uji  U  «1  no  ihr  •  !«    1/ a  br.  :j« 
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thomugti  iiiTeBtigation  vtuch  it  Uci»erveK.  iDero  remain  manv 
exa4-t  mearturc«  Btill  to  lie  made,  and  many  iniiHirtant  data 
to  Iw  ol>taine<L  Tlie  phenomena  attending  the  exphmion  of  both 
gun<H>tt4>n  and  ^n)>owder  have  to  l)e  investigated,  both  a«  to  the 
tom|>enitur»i  ^neratinl  in  tlie  act  of  explonion,  and  the  nature  of 
tlie  compoimd«  wbieli  renult  from  them  mider  circumi^tances 
•trictly  analogouA  to  thoiw  which  occur  in  artillery  practice ;  and 
until  thi^Me  are  accurately  ascertained,  it  in  impoM^ible  to  recon- 
cile the  apparent  contradictions  between  the  mechanical  phe- 
nomena wliicli  rt*i4ult  from  the  employment  of  gun-cotton  gaset 
and  gunpowder  gafic«,  when  employed  to  do  the  ftame  kind  of 
mechanical  work. 


APPEXDIX  TO  THE  FORECJOIXd   REPORT. 


•  IS.  L  njumm  •f  HMiatertara  •r<H»-€ottMi  m  carried 
•a  IB  tiM  iM^rlAl  4««trtaui  EMiMMUMMt.    Bj  P.  A.  A»cl« 

F.  WL  t-^-d )  Tlie  ciitton  employcnl  \a  of  superior  quality,  tolera- 
bly free  fn»m  mh,hI;  it  iit  carde<l  liMn^ely,  twinteii,  and  made  up 
into  nktMus  lM»fore  cimvemion*  Tlie  ntrancli  (»f  the  cotton  c*>mpo- 
sing  the  skeins  are  of  two  siz^^ — the  largiT  l»eing  intended  for 
canni>n-cartridgi«,  and  tlie  other  fur  small-arm  cartridges  and 
bursters. 

VIC  (2)  PrejfaraUny  Prt-jHtrntupniff  the  OtiUm, — The  cotton, 
made  up  into  skeins  weighing  atwrnt  3  ounces  each,  is  waslunl  in 
a  solution  «»f  pure  carUmatt*  o(  iM»ta*««>a  of  the  A{H*citic  gravity  H^2, 
being  inmienn**!  in  the  Uiiling  iMiliition  f«»r  a  short  time.  Vyum 
removal  fn>m  the  alkaline  li(]uid,  the  skeins  are  placiNl  in  a 
centrifugal  nia<*liine,  liv  which  the  greater  ix^rtiim  mf  the  liquid 
is  s4'parat4Hl.  Tlie  Hkein«i  are  now  washe<l  in  ch*ar  running  water, 
either  by  allowing  them  t^i  nnnain  in  it  for  thm*  or  f«mr  hours, 
or  else  by  wasliing  each  nkein  by  hand  for  a  few  minut4*s.  Tliey 
are  then  again  workinl  in  a  centrifugal  mai*hine  and  aAerwanls 
drii*«i — in  summer  by  tlie  rays  of  tlie  sun,  but  during  winter  in  a 


one  hour  m  the  solution  of  mhcate  of  Mxla,  whicli  ih  «up])<»M*<l  t4> 
exennso  two  functions : — 

(a)  Thmt  of  protecting  the  cotton  by  acting  an  m  vaminh  u|>im 
tlie  fibrea. 

{h)  That  of  retanling  it«  oombu«tion« 

r|M)n  removal  of  the  gun'Cott4)n  fn>ni  the  luuh  of  watiT-glams 
tlie  liquid  i»  partly  e\pn*8r^Hl  by  hand,  and  afterwards  more  fiillj 
by  meanii  of  the  centrifugal  ma<*hine.  The  ^keiiu^  mui^t  then  lie 
tlionnigiily  driocL  They  are  afterwanin  immermKl  in  running 
water  fur  tire  or  fix  houni,  and  ea<*h  akeiri  Hul)i«e<]uently  wanhetl 
by  hand.  The  water  having  bi*en  extracted  by  the  centrifugal 
machine,  the  gun-cottiin  in  removed  Uy  tlie  drying-houms  where 
it  remains  eight  or  ten  dayA.  ItA  manufacture  u  tlien  com- 
pleted. 

Tlie  gim-cotton  i«  packed  in  onlinary  deal  lM>xe«  lined  with 
paper,  and  kept  in  dry  ma^azincM  until  n*<]uirtHl  t4>  lie  maile  int4> 
cartriilgfs,  Ac. 

WcU-<»rganireil  arrangements  an*  empli»yed  for  mixing  the 
i^ulphuric  and  nitric*  a<*idis  immenting  the  ci»tton.  and  f«»r  con- 
ducting tlie  varioun  other  operatioiiA  c«>nnecti*d  with  the  manu- 
facture. 

•  IH.  II.  am  tlie  r»ipg>iU— ^  mmd  mmc  PreiirrtM^  •C 
%P9>e%wmm§m  m€  i^mm4:miUmm  prepared  at  llie  kmmr%mm  Omr^ 
^rmwmcmt  Work*.  By  P.  4.  Akel,  P.  WL  ^  —  (4)  Several 
i(|>ecimenfi  of  gun-<'otton  prepared  at  the  Ini|¥*rial  Fai*t4»ry  at  Ilir- 
tenbt*rg,  nrar  Vit'iina,*  lM;ing  the  d(*M*riptioiii»  munufai'tunsi  f«>r 
cannon,  for  i>Iic11a,  and  for  Mnail  arms  men*  submitted  t4i  chomiral 
examination,  to  drtermim*  the  foUowing  |M>int**: — 

^ti)  The  proiMirtion  of  hydro**copic  mointnn*  exii^ting  in  them, 
under  nonnul  oindition*^ 

\h)  The  Ci»m|M»MitioD  of  the  different  n|N«cimcnti  of  gun-cott^m. 

ir\  TIh*  pro]iortion  and  nature  of  their  mini*ral  coTiMituentA. 

(5)  I.  The  pn>|M»rtion  of  mol-»ture  ex|K»lle<l  fnim  tlu»  HinipleA  of 
gun-ci»tton,  by  exiHmure  to  d«*i^iocation   in   fv//-f#*>  over  Milphuric 

'i*cd  at  Uj«  Xkum  for  •ip(*r.tD«  oui  pr«cVM>i  i»;  u.«  K  i«tr  aa  AuiK'>nti«««. 


poinU  that  (tcneral  Letik  18  cnable<l  to  p^'o  to  tho  action  of  f^n- 
cotton  on  the  projectile  any  law  of  force  he  pleai»i*xi. 

Even  at  the  present  high  pric*e  of  cotton,  itD  cost  of  prtnluction 
lA  8aid  to  be  let^  than  Uiat  of  gunpowder,  tlic  price  of  quantities 
being  compared  which  will  produce  e<iual  effocti^    (L  2(K) 

PRACnrAX  APPLICATIOKS. 

>#4>  (tun-cotton  i«  umhI  for  artillerj  in  the  form  of  thread  or 
apun  yam.  In  this  himple  form  it  will  (*onduct  comhuhtion  slowly 
in  the  o[h.mi  air  at  a  rate  of  not  more  than  1  f(M>t  per  MH*ond.  T1iii» 
thread  \a  woven  into  a  texture  or  eirc'ular  web.  Thc^e  web«  are 
iniide  of  various  diametent;  and  it  in  out  4if  these  welm  that  com- 
mon rifl4*-eartridgi*»  are  maile,  nien*ly  by  cutting  them  into  the 
pn»)H*r  leiij^th.s  afid  encKx^ing  them  in  stiflT  cylinderB  of  pa«te- 
l>oanl,  which  form  the  eartri<lge.  In  thin  hhH|>o  it«  combuhtion  in 
the  o|K>n  air  tiiken  place  at  a  h}H*etl  of  10  feet  |»er  MH*ond.  In 
thute  cylintlrical  webd  it  u  almi  utiod  to  till  expKniive  shells,  a«  it 
can  be  conveniently  emplovM  in  thi«  nhaiH*  to  paiM  in  through  the 
niH'k  of  the  shell.  Gun-<*otton  thn^ad  is  i^pun  into  ropen  in  the 
ui^ual  way,  up  to  2  in(*lie«  diameter,  hollow  in  the  c*t»ntre.  This 
i«  the  tMrm  um*«I  for  blasting  and  mining  pur|Mm4*n;  it  combines 
gn*at  den-»ity  with  »|H*t*<Iy  explosion,  and  in  thin  fonn  it  is  con- 
veniently coibnl  in  ea^krt  and  htowc^l  in  lH>xe«.  Tlie  gun-i*otton 
yarn  in  ukmI  direetly  to  form  rartriilgen  tor  larjje  gun*,  by  lK*ing 
wound  n»und  a  l»obbin,  tM>  aA  to  form  a  i^piiidle  like  that  umhI  in 
»piiinin;;-milU.  Tlie  ImiIiMu  ii«  a  liollow  tu)N>  of  pa|M.*r  or  wimmI. 
Tlie  ol»j«'<-t  of  the  wtMMJcn  hmI  in  iu  Mvure  in  all  com'^  the  ne<*<v*»ary 
leiijrth  of  rhambrr  in  the  gun  n^juiri'il  tor  tho  m«Hl  effeetive  ex- 
plo^ion.  The  guii-4'oit«»n  ein-ular  wrb  in  eiirl«»MHl  in  tuln^ii  of 
In4li:i-rul>lM*r  eltith  to  tonii  a  mateliliiie,  in  whirh  fonn  it  i«  mo«t 
coiivenirtit,  and  travrU  with  **|KiNi  and  eertainty. 

9#S«  ^  #//iivy«i/»^v  linJ  Stnr'Uft'  tif  (tnth'(^»>*tnn,  —  It  H'^ultji  from 
tlio  fiiH'j^oiinf  farti*  tli.it  1  lb.  ot*  ;;iiiiH*ott<)n  pn^lufen  the  etTeet  of 
more  than  3  lii».  of  gun|»*>wd«T  in  artillery.  TiiiA  \^  a  material 
•d vantage,  whelluT  it  1h»  rarrii**!  by  men,  by  lior%4*is  or  in  wa;r«»n*. 


788  Ordnance. — Appendix. 

Mnch  apprehension  has  been  felt  about  the  effect  of  the  gases 
produced  by  the  explosion  of  gun-cotton.  It  has  been  stated  that 
both  nitrous  fumes  and  prussic  acid  are  among  these  gases,  and 
that  the  one  would  corrode  the  gun,  and  the  other  poison  the 
artillerymen.  Now,  though  it  is  true  that  firom  some  kinds  of 
gun-cotton,  or  by  some  methods  of  decomposition,  one  or  both  of 
these  gases  may  be  produced,  the  results  of  the  explosion  of  the 
Austrian  gun-cotton,  without  access  of  air,  are  found  by  Earolyi 
to  contain  neither  of  these,  but  to  consist  of  nitr<^n,  carbonic 
acid,  carbonic  oxide,  water,  and  a  little  hydrogen,  and  light  car- 
buretted  hydrogen.  (C.  7.)  These  are  comparatively  innocuous ; 
and  it  is  distinctly  in  evidence  that  practically  the  gun  is  leas 
injured  by  repeated  charges  of  gun-cotton  than  of  gunpowder, 
and  that  the  men  in  casemates  suffer  less  from  its  Amies.  (L.  13.) 
The  importance  of  this  latter  property  in  a  fortress,  or  a  ship, 
will  be  at  once  apparent. 

It  seems  a  disadvantage  of  this  material  as  compared  with  gun- 
powder that  it  explodes  at  a  lower  temperature,  possibly  at  136**  C. 
(277°  F.);  but  against  the  greater  liability  to  accident  arisiDg 
from  this  cause  may  be  set  the  greatly  diminished  risk  of  explo- 
sion during  the  process  of  manufacture,  since  the  gun-cotton  is 
always  immersed  in  liquid,  except  in  the  final  drying ;  and  that 
may  be  performed,  if  desirable,  at  the  ordinary  temperature  of  the 
air.  Again^  if  it  should  be  considered  advisable  at  any  time,  it 
may  be  stored  in  water,  and  only  dried-  in  small  quantities  when 
required  for  use. 

The  fact  that  gun-cotton  is  not  injured  by  damp  like  gun- 
powder, is  indeed  one  of  its  recommendations.  It  is  not  even  so 
liable  to  absorb  moisture  from  the  atmosphere,  2  per  cent,  being 
the  usual  amount  of  hygroscopic  moisture  found  in  it ;  and  should 
that  quantity  be  increased  through  any  extraordinary  conditions 
of  the  air,  the  gun-cotton  speedily  parts  with  its  excess  of  mois- 
ture when  the  air  returns  to  its  ordinary  state  of  dryness.  (A  5 
and  8.) 

But  a  still  more  important  chemical  advantage  which  gun-cot- 
ton possesses,  arises  from  its  being  perfectly  resolved  into  gases 
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on  explosion,  so  that  there  is  no  smoke  to  obscure  the  sight  of  the 
soldier  who  is  firing,  or  to  point  out  his  position  to  the  enemy ;  * 
and  no  residue  left  in  the  gun  to  be  got  rid  of  before  another 
charge  can  be  introduced. 

2.  MECHANICAL  0ON8IDBRATIONS. 

903.  At  the  outset  of  this  inquiry  the  Mechanical  Members 
of  the  Committee  found  it  difficult  to  believe  that  greater  effects 
are  produced  by  a  given  volume  of  gases  generated  from  gun- 
cotton  than  by  an  equal  volume  of  gases  generated  from  gun- 
powder ;  nevertheless,  from  the  facts  as  brought  before  the  Com- 
mittee, such  contradiction  would  at  first  sight  appear  to  exist. 

The  great  waste  of  force  in  gunpowder  constitutes  an  important 
difference  between  it  and  gun-cotton,  in  which  there  is  no  waste. 
According  to  the  experiments  of  Bunsen  and  Schisohkoff,*  the 
waste  in  gunpowder  is  68  per  cent,  of  its  own  weight,  and  only 
32  per  cent,  is  useful.  This  68  per  cent,  is  not  only  waste  in 
itself,  but  it  wastes  the  power  of  the  remaining  32  per  cent.  It 
wastes  it  mechanically,  by  using  up  a  large  portion  of  the  mechan- 
ical force  of  the  usefiil  gases.  The  waste  of  gunpowder  issues 
from  the  gun  with  much  higher  velocity  than  the  projectile ;  and 
if  it  be  remembered  that  in  100  lbs.  of  usefril  gunpowder  this  is 
68  lbs.,  it  will  appear  that  a  portion  of  the  82  lbs.  of  useful  gun- 
powder gas  must  be  employed  in  impelling  a  68-lb.  shot  com- 
posed of  the  refuse  of  gunpowder  itself. 

There  is  yet  another  peculiar  feature  of  gun-cotton:  it  can 
be  exploded  in  any  quantity  instantaneously.  This  was  once 
considered  its  great  fault ;  but  it  was  only  a  fault  when  we  were 
ignorant  of  the  means  to  make  that  velocity  any  thing  we  pleased. 
General  von  Lenk  has  discovered  the  mean  of  giving  gun-cotton 
any  velocity  of  explosion  that  is  required,  by  merely  varying  the 
mechanical  arrangements  under  which  it  is  used.  Gun-cotton  in 
his  hands  has  any  speed  of  explosion,  from  1  foot  per  second  to  1 
foot  in  tiVt  <^f  ft  second,  or  to  instantaneity.  The  instantaneous 
explosion  of  a  large  quantity  of  gun-cotton  is  made  use  of  when  it  is 

f  Pogg.  Annal.,  4th  Series,  toL  xil  p.  131. 
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required  to  produce  destructive  effects  on  the  surrounding  material. 
.  The  slow  combustion  is  made  use  of  when  it  is  required  to  produce 
manageable  power,  as  in  the  case  of  gunnery.  It  is  plain,  there- 
fore, that  if  we  can  explode  a  large  mass  instantaneously,  we  get 
out  of  the  gases  so  exploded  the  greatest  possible  power,  because 
all  the  gas  is  generated  before  motion  commences,  and  this  is  the 
condition  of  maximum  effect.  It  is  found  that  the  condition 
necessary  to  produce  instantaneous  and  complete  explosion  is  the 
absolute'  perfection  of  closeness  of  the  chamber  containing  the 
gun-cotton.  The  reason  of  this  is,  that  the  first  ignited  gases 
must  penetrate  the  whole  mass  of  the  cotton ;  and  this  they  do 
(and  create  complete  ignition  throughout)  only  under  pressure. 
This  pressure  need  not  be  great.  For  example,  a  barrel-load  of 
gun-cotton  will  produce  little  effect  and  very  slow  combustion 
when  out  of  the  barrel,  but  instantaneous  and  powerful  explosion 
when  shut  up  within  it. 

On  the  other  hand,  if  we  desire  gun-cotton  to  produce  mechan- 
ical work  and  not  destruction  of  materials,  we  must  provide  for 
its  slower  combustion.  It  must  be  distributed  and  opened  out 
mechanically,  so  as  to  occupy  a  larger  space,  and  in  this  state  it 
can  be  made  to  act  even  more  slowly  than  gunpowder ;  and  the 
exact  limit  for  purposes  of  artillery  General  von  Lenk  has  found 
by  critical  experiments.  In  general  it  is  found  that  tlie  proportion 
of  11  lbs.  of  gun-cotton,  occupying  1  cubic  foot  of  space,  produces 
a  greater  force  than  gunpowder  (of  which  from  50  to  60  lbs. 
occupy  the  same  space),  and  a  force  of  the  nature  required  for 
ordinary  artillery.  But  each  gun  and  each  kind  of  projectile 
requires  a  certain  density  of  cartridge.  Practically  gun-cotton  is 
most  effective  in  guns  when  used  as  |  to  |  weight  of  powder,  and 
occupying  a  space  of  lyVth  of  the  length  of  the  powder  cartridge, 
and  of  such  density  that  11  lbs.  occupy  a  cubic  foot. 

The  mechanical  structure  of  the  cartridge  is  of  high  importance, 
as  affecting  its  ignition.  The  cartridge  is  formed  of  a  mechanical 
arrangement  of  spun  cords ;  and  the  distribution  of  these,  the 
place  and  manner  of  ignition,  the  form  and  proportion  of  the  car- 
tridge, all  affect  the  time  of  complete  ignition.     (A.  19. ;  L.  22.) 
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It  is  by  the  complete  mastery  he  has  gained  over  all  these  minute 
points  that  General  Lenk  is  enabled  to  give  to  the  action  of  gun- 
cotton  on  the  projectile  any  law  of  force  he  pleases. 

Even  at  the  present  high  price  of  cotton,  its  cost  of  production 
is  said  to  be  less  than  that-  of  gunpowder,  the  price  of  quantities 
being  compared  which  will  produce  equal  effects.    (L.  20.) 

PRACTICAL  APPLICATIONS. 

004.  Gun-cotton  is  used  for  artillery  in  the  form  of  4;hread  or 
spun  yam.  In  this  simple  form  it  will  conduct  combustion  slowly 
in  the  open  air  at  a  rate  of  not  more  than  1  foot  per  second.  This 
thread  is  woven  into  a  texture  or  circular  web.  These  webs  are 
made  of  various  diameters;  and  it  is  out  of  these  webs  that  com- 
mon rifle-cartridges  are  made,  merely  by  cutting  them  into  the 
proper  lengths,  and  enclosing  them  in  stiff  cylinders  of  paste* 
board,  which  form  the  cartridge.  In  this  shape  its  combustion  in 
the  open  air  takes  place  at  a  speed  of  10  feet  per  second.  In 
these  cylindrical  webs  it  is  also  used  to  fill  explosive  shells,  as  it 
can  be  conveniently  employed  in  this  shape  to  pass  in  through  the 
neck  of  the  shell.  Gun-cotton  thread  is  spun  into  ropes  in  the 
usual  way,  up  to  2  inches  diameter,  hollow  in  the  centre.  This 
is  the  form  used  for  blasting  and  mining  purposes ;  it  combines 
great  density  with  speedy  explosion,  and  in  this  form  it  is  con- 
veniently coiled  in  casks  and  stowed  in  boxes.  The  gun-cotton 
yarn  is  used  directly  to  form  cartridges  for  large  guns,  by  being 
wound  round  a  bobbin,  so  as  to  form  a  spindle  like  that  used  in 
spinning-mills.  The  bobbin  is  a  hollow  tube  of  paper  or  wood. 
The  object  of  the  wooden  rod  is  to  secure  in  all  cases  the  necessary 
length  of  chamber  in  the  gun  required  for  the  most  effective  ex- 
plosion. The  gun-cotton  circular  web  is  enclosed  in  tubes  of 
India-rubber  cloth  to  form  a  match-line,  in  which  form  it  is  most 
convenient,  and  travels  with  speed  and  certainty. 

905.  Conveyarhce  and  Storage  of  Ouri-Cotton, — It  results  from 
the  foregoing  facts  that  1  lb.  of  gun-cotton  produces  the  effect  of 
more  than  3  lbs.  of  gunpowder  in  artillery.  This  is  a  material 
advantage,  whether  it  be  carried  by  men,  by  horses,  or  in  wagons. 


792  Obdnance. — ^Appendix. 

It  may  be  placed  in  store  and  preserved  with  great  safetr.  (L. 
7  and  16.)  The  danger  from  explosion  does  not  arise  until  it  is 
confined,  as  it  simply  burns  intensely  in  the  open  air.  It  may 
become  damp  and  even  perfectly  wet  without  injury,  and  may  be 
dried  by  mere  exposure  to  the  air.  This  is  of  great  value  in  ships 
of  war ;  and  in  case  of  danger  from  fire,  the  magazine  may  be 
submerged  without  injury. 

906«  Practical  use  in  Artillery. — ^It  is  easy  to  gather  from  the 
foregoing.general  facts  how  gun-cotton  keeps  the  gun  clean,  and 
requires  less  windage,  and  therefore  performs  much  better  in  oon* 
tinuous  firing.  In  gunpowder  there  is  68  per  cent,  of  refuse,  or 
the  matter  of  fouling.  In  gun-cotton  there  is  no  residuum,  and 
therefore  no  fouling. 

Experiments  made  by  the  Austrian  Committee  proved  that  100 
rounds  coidd  be  fired  with  gun-cotton  against  30  rounds  of  gun- 
powder. 

In  firing  ordnance  with  gun-cotton,  the  guu  does  not  beat  to 
any  important  extent.  Experiments  showed  that  100  rounds 
were  fired  with  a  6-|)Ounder  in  34  minutes,  and  the  gun  was  raised 
by  gun-cotton  to  only  122**  Fahrenheit,  whilst  100  rounds  with 
gunpowder  took  100  minutes,  and  raised  the  temperature  to  such 
a  decree  that  water  was  instantly  evaporated.  The  firing  with 
the  gunpowder  was  therefore  discontinued ;  but  the  rapid  firing 
with  the  gun-cotton  was  continued  up  to  180  rounds  without  any 
inconvenience.  (L.  9.)  The  al)sence  of  fouling  allows  all  the 
mechanism  of  a  gun  to  have  more  exactness  than  where  allowance 
is  made  for  fouling.  The  absence  of  smoke  promotes  rapid  firing 
and  exact  aim. 

907*  TTie  fact  of  s^naUer  recoil  from  a  gun  charged  with  gnn- 
cotton  is  established  by  direct  experiment ;  its  value  is  two-thirds 
of  the  recoil  from  gunpowder — the  projectile  effect  being  equal. 
(L.  5.)  To  understand  this  may  not  be  easy.  The  waste  of  the 
solids  of  gunpowder  ac%!Ounts  for  one  part  of  the  saving,  as  in  100 
lbs.  of  gunpowder  68  lbs.  have  to  be  projected  in  addition  to  the 
shot,  and  at  much  higher  speed.  The  remainder  General  von 
Lenk  attributes  to  the  different  law  of  combustion ;  but  the  fact 
is  established. 
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The  comparative  advantage  of  gun-cotton  and  gunpowder  for 
producing  high  velocities  is  shown  in  the  following  experiment 
with  a  Krupp's  cast-steel  gun,  6-pounder.  An  ordinary  charge, 
30  oz.  powder,  produced  1338  feet  per  second.  A  charge  of  13^ 
oz.  gun-cotton  produced  1563  feet. 

The  comparative  advantage  in  shortness  of  gun  is  shown  in 
the  following  experiments  with  a  12-pounder : — 

Chai^  Length  of  gan.  Veloelty, 

Gunpowder 4.9-0  os.*  13^  calibres.  1400 

Gun-cotton 15*9   *'  10          "  1426 

"          ^ 17.0   "                      9          "  I40i 

Advantage  in  Weight  of  Chin. — ^The  fact  of  the  recoil  being 
less,  in  the  ratio  of  2:3,  enables  a  less  weight  of  gun  to  be 
employed  as  well  as  a  shorter  gun,  without  the  disadvantage  to 
practice  arising  from  lightness  of  gun.     (L.  5.) 

008.  End/urance  of  Chin. — ^Bronze  and  cast-iron  guns  have 
been  fired  1000  rounds  without  in  the  least  affecting  the 
endurance  of  the  gmu 

OOO.  AppliccUion  to  destructive  EcpUmans.^ — Exyplosion  of 
Shells. — ^From  some  unexplained  difference  in  the  action  of  gun- 
cotton,  there  is  an  extraordinary  difference  of  result  as'compared 
with  gunpowder ;  namely,  the  same  shell  is  exploded  by  the  same 
quantity  of  gas  into  more  than  double  the  number  of  pieces. 
This  is  partly  to  be  accounted  for  by  the  greater  velocity  of 
explosion  when  the  gun-cotton  is  confined  very  closely  in  very 
small  spaces.  It  is  also  a  peculiarity,  that  the  stronger  the 
shell  the  smaller  the  fragments  into  which  it  is  broken.     (L.  17.) 

OlO.  Mini7ig  Uses. — The  fact  that  the  action  of  gun-cotton 
is  violent  and  rapid  in  exact  proportion  to  the  resistance  it  en- 
counters, tells  us  the  secret  of  its  far  higher  efficacy  in  mining 
than  gunpowder.  The  stronger  the  rock  the  less  gun-cotton 
comparatively  with  gunpowder  is  necessary  for  the  effect;  so 
much  so  that,  while  gun-cotton  is  stronger  than  powder  as  3  to  1 
in  artillery,  it  is  stronger  in  the  proportion  of  6'274:  :  1  in  a 

♦  Ordinary  charge  of  powder. 

f  See  also  results  of  recent  experiments  (967). 
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strong  and  soKd  rock,  weight  for  weight  It  is  the  hollow  rope 
form  which  is  used  for  blasting.  Its  power  of  splitting  up  the 
material  can  be  regulated  at  will. 

•II,  Against  the  Gates  of  a  City. — ^It  is  a  well-known  fact 
that  a  bag  of  gunpowder  nailed  on  the  gates  of  a  city  will  blow 
them  open.  In  this  case  gun-cotton  would  fail ;  a  bag  of  gun- 
cotton  exploded  in  the  same  way  is 
powerless.  If  1  ounce  of  gunpowder  is 
exploded  in  scales  the  balance  is  thrown 
down;  with  an  equal  force  of  gun-cotton 
the  scale-pan  is  not  depressed.  To  blow 
up  the  gates  of  a  city,  a  very  few  poimds 
of  gun-cotton  carried  in  the  hand  of  a 
single  man  will  be  suflScient;  only  he 
must  know  its  nature.  In  a  bag  it  is 
hannless;  exploded  in  a  box  it  will  shatter  the  gates  to  atoms. 

913.  Against  the  Palisades  of  a  Fortification. — A  small  square 
box  containing  25  lbs.  merely  flung  down  close  to  them,  will  open 
a  passage  for  troops.  In  an  actual  experiment  on  palisades  a  foot 
diameter  and  8  feet  liigh,  driven  3  feet  into  the  ground,  backed  by 


12  and  8-in.  palisade  cnt  down 
by  25  lbs.  of  gun-cotton. 


Bridge  of  oak,  12  inches  scantling,  24  feet  span. 


a  second  row  of  8  inches  diameter,  a  box  of  26  lbs.  cut  a  clean 
opening  9  feet  wide  (Fig.  410).  On  this  three  times  the  weight  of 
gimpowder  produced  no  effect  whatever,  except  to  blacken  the 
piles. 

013.  Against  Bridges. — A  strong  bridge  of  oak  (Fig.  411), 
12  inches  scantling,  24  feet  span,  was  shattered  to  atoms  (Fig.  412) 
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by  a  gmall  box  of  25  lbs.  laid  on  its  centre :  the  bridge  was  not 
broken,  it  was  shivered. 

014.   Under  Water. — Two  tiers  of  piles  10  inches  thick,  in 
water  13  feet  deep,  with  stones  between  them,  were  blown  up  by 


FlO.  412. 


aH 


>/ 


Bridge  of  oak,  shattered  to  atoms  by  a  box  of  25  lbs.  of  giin-cotton. 

a  barrel  of  100  lbs.  gun-cotton  placed  3  feet  from  the  face,  and  8 
feet  under  water.  It  made  a  clean  sweep  through  a  radius  of  15 
feet,  and  raised  the  water  200  feet.  In  Venice,  a  barrel  of  400 
lbs.  placed  near  a  sloop  in  10  feet  water  at  18  feet*  distance, 
shattered  it  to  pieces  and  threw  the  fi'agments  to  a  height  of  400 
feet  (Fig.  413). 

All  experiments  made  by  the  Austrian  Artillery  Committee 
were  conducted  on  a  grand  scale — 36  batteries  of  6  and  12- 
pounders  having  been  constructed  for  gun-cotton,  and  practised 

*  The  official  record  from  which  the  author  hns  copied  these  illustrations  states 
this  distance  to  have  been  24  feet  The  local  effect  of  gun-cotton  is  shown  by  Figs. 
414  and  415— a  26-lb.  box  laid  on  the  side  of  a  bridge. 
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with  that  material.  The  reports  of  the  CommiBsionere  are  all 
based  on  trials  with  ordnance  from  6-poimder8  to  48-poimder8 
smooth-bore  and  rifled  cannon.     The  trials  with  small  fire-arms 


PlO.  413. 


have 
trials 
scale 
have 


400-lb.  g^un-cottOQ  torpedo,  24  feet  from  a  ship.     Ship  blown  to  pieces. 

been  comparatively  few,  and  are  not  reported  on.  The 
for  blasting  and  mining  purposes  were  also  made  on  a  large 
by  the  Imperial  Engineers  Committee,  and  several  reports 
been  made  on  the  subject. 


PiO.  414. 


Fio.  416. 


Effect  of  a  25-lb.  box  of  g^n-cotton,  laid  on  the  side  of  a  bridge. 

The  Committee  desire  to  put  upon  record  their  conviction  that 
the  subject  has  neither  chemically  nor  mechanically  received  tlie 
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thorough  inveBtigation  which  it  deserves.  There  remain  many 
exact  measures  still  to  be  made,  and  many  important  data 
to  be  obtained.  The  phenomena  attending  the  explosion  of  both 
gun-cotton  and  gunpowder  have  to  be  investigated,  both  as  to  the 
temperatures  generated  in  the  act  of  explosion,  and  the  nature  of 
the  compounds  which  result  from  them  under  circumstances 
strictly  analogous  to  those  which  occur  in  artillery  practice ;  and 
until  these  are  accurately  ascertained,  it  is  impossible  to  recon- 
cile the  apparent  contradictions  between  the  mechanical  phe- 
nomena which  result  from  the  employment  of  gun-cotton  gases 
and  gunpowder  gases,  when  employed  to  do  the  same  kind  of 
mechanical  work. 


APPENDIX  TO  THE  FOREGOING  REPORT. 

91ff«  I«  System  of  Blannfactare  of  Oan-Clotton  as  carried 
on  in  tiie  Imperiai  Austrian  Establitiinient.    By  F.  A.  Abel, 

F.  R.  §•— {1)  The  cotton  employed  is  of  superior  quality,  tolera- 
bly free  from  seed ;  it  is  carded  loosely,  twisted,  and  made  up 
into  skeins  before  conversion.  The  strands  of  the  cotton  compo- 
sing the  skeins  are  of  two  sizes — ^the  larger  being  intended  for 
cannon-cartridges,  and  the  other  for  small-arm  cartridges  and 
bursters. 

016.  (2)  Pr&paratory  Preparation  of  the  Cotton, — The  cotton, 
made  up  into  skeins  weighing  about  3  ounces  each,  is  washed  in 
a  solution  of  pure  carbonate  of  potassa  of  the  specific  gravity  1*02, 
being  immersed  in  the  boiling  solution  for  a  short  time.  Upon 
removal  from  the  alkaline  liquid,  the  skeins  are  placed  in  a 
centrifugal  machine,  by  which  the  greater  portion  of  the  liquid 
is  separated.  The  skeins  are  now  washed  in  clear  running  water, 
either  by  allowing  them  to  remain  in  it  for  three  or  four  hours, 
or  else  by  washing  each  skein  by  hand  for  a  few  minutes.  They 
are  then  again  worked  in  a  centrifugal  madiine  and  afterwards 
dried — ^in  simuner  by  the  rays  of  the  sun,  but  during  winter  in  a 
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That  furnished  by  specimen  (h)  consisted  principally  of  lime ;  it 
contained  besides  traces  of  magnesia,  oxide  of  iron',  and  alkalies, 
and  only  a  small  trace  of  silicic  acid. 
The  ash  from  {c)  consisted  of 

Sand  and  clay o*75  per  <^nt.  in  the  cotton. 

Silicic  acid,  soluble 0*53  **  ** 

Lime o-ay  "  " 

Alkalies o>30 

Magnesia 

Oxide  of  iron }•  traces. 

Snlphuric  acid 


;}• 


The  ash  was  determined  for  comparison  in  a  specimen  of  cotton 
obtained  from  the  Austrian  Works  which  had  been  submitted  to 
the  preparatory  purifying  processes  (treatment  with  carbonate  of 
potassa  and  long-continued  washing).  The  results  obtained  fur- 
nished a  mean  of  0*63  per  cent,  of  ash,  which  consisted  principally 
of  lime  and  magnesia,  and  contained  a  small  proportion  of  insolu- 
ble matter  (clay  and  sand),  traces  of  soluble  silicic  acid,  and  of  ' 
alkalies. 

The  above  determinations  and  analyses  of  the  ash  in  the  gun- 
cotton  and  in  the  unconverted  cotton  show  that  no  result  of  the 
slightest  practical  importance,  in  the  direction  supposed  to  be 
aimed  at,  is  obtained  by  the  treatment  with  solution  of  soluble 
glass,  to  which  the  purified  gun-cotton  is  submitted,  according  to 
the  Austrian  system  of  manufacture. 

It  is  evident  that,  by  the  washing  in  running  water  for  five  or 
six  hours,  and  subsequent  rinsing  of  each  skein,  after  the  treat- 
ment with  silicate  of  soda,  the  proportion  of  the  latter  which  had 
in  the  first  instance  been  introduced  into  the  cotton  is  again  ex- 
tracted, only  traces  being  retained  by  the  cotton,  besides  a  veiy 
small  proportion  of  silica  in  the  form  of  pulverulent  silicate  of 
lime,  resulting  from  the  decomposition  of  the  soluble  glass  by  the 
lime-salts  in  the  spring  or  river  water.  It  will  be  observed  that, 
in  specimen  (J)  of  gun-cotton,  the  proportion  of  non-volatile  con- 
stituents is  actually  even  less  than  that  found  in  the  purified  but 
unconverted  cotton — a  fact  which  is  evidently  due  to  the  solvent 
action  of  the  acids  upon  portions  of  the  mineral  matter  in  the 
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cotton.  In  the  place  of  the  comparatively  large  proportions  of 
lime  and  magnesia  in  the  original  cotton,  the  product  which,  after 
separation  from  the  acids  by  very  long-continned  washing,  &c., 
has  been  submitted  to  treatment  with  soluble  glass  and  again 
washed,  contains  some  small  quantities  (necessarily  variable  in  a 
product  of  manufacture)  of  impurities  (clay  and  sand)  derived 
from  the  water  used,  and  of  silicic  acid  in  combination  with  lime 
and  also  with  soda,  minute  quantities  of  the  soluble  glass  having 
escaped  removal  or  decomposition  in  the  final  washing  process. 
Supposing  that  the  maximum  proportion  of  silicates  (1  per  cent.) 
found  in  the  above  determinations  existed  entirely  in  the  form  of 
soluble  glass  in  the  finished  gun-cotton,  a  piece  of  twist  12  ft.  10 
in.  in  length,  and  of  the  size  used  for  artillery  purposes  (^  inch 
thick),  would  contain  only  one  grain  of  soluble  glass.  It  is  evi- 
dent, therefore,  that  no  protective  effect  nor  retardation  in  the 
explosion  of  the  gun-cotton  can  result  from  the  treatment  with 
soluble  glass  to  which  it  is  submitted. 

03 1«  Escperimentt  on  the  Hydroscopic  Properties  of  the 
Anftrlan  Gun-Cotton. — (8)  It  has  already  been  stated  that  the 
proportion  of  moisture  contained,  under  normal  conditions,  in  the 
specimens  of  Austrian  gun-cotton  was  found  to  be  very  uniform, 
the  main  proportion  being  fixed  at  2  per  cent,  by  the  results  of 
several  experiments. 

Some  gun-cotton  prepared  from  ordinary  cotton-wool,  and 
having  the  same  composition  as  the  Austrian  samples — ^but  not 
having  been  submitted  to  the  preparatory  or  subsequent  treat- 
ment with  alkali,  nor  to  the  very  long-continued  washing — was 
examined  with  regard  to  its  hygroscopic  properties  in  comparison 
-with  the  Austrian  gun-cotton.  The  proportion  of  moisture  exist- 
ing in  the  former,  under  ordinary  conditions,  was  found  to  be 
almost  identical  with  the  average  proportion  in  the  Austrian 
samples. 

Some  experiments  were  instituted  to  ascertain  the  rate  at  which 
the  Austrian  gun-cotton  would  absorb  moisture  on  exposure  to  a 
damp  atmosphere. 

The  specimens  experimented  with  were  first  thoroughly  dried 
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in  vacuo  over  sulphuric  acid,  and  then  exposed  for  sncoeeaire 
periods,  together  with  a  shallow  vessel  containing  water,  under  a 
capacious  bell-jar  placed  in  a  moderately  warm  room.  The  fol- 
lowing results  were  obtained : — 


SpMlnefL  ^1^  1^^  4^^  y^^        ^^^  „^^ 

No.  I 1-35  ...              ...  3.15            ...  '^'tj 

**    1 i*6o            ...              ...  3*ai            ...  3-65 

^    3 I*t9  s*i5  ...  3*55 

"   4 1-73  2*oo            ...  y%i  .^ 

"   5 1*77  2*11            ....              ...  ...  3-90 

These  results  show  that  the  rate  of  absorption  of  mdsture  by  the 
gun-cotton  is  uniformly  rapid  up  to  the  point  where  2  per  cent 
(the  normal  proportion  of  hygroscopic  moisture)  have  been  ab- 
sorbed, and  that,  when  this  point  has  been  attained,  the  absorp- 
tion of  further  moisture  proceeds  comparatively  very  slowly.* 
Several  experiments  were  made  to  determine,  as  far  as  posuble, 
the  fnaximum  amount  of  moisture  which  the  gun-cotton  would 
absorb  from  a  damp  confined  atmosphere.  The  great  rapidity 
with  which  the  specimens  operated  upon  parted  with  the  water 
absorbed,  on  exposure  to  tlie  ordinary  atmosphere,  after  the  ex- 
periments had  been  proceeded  with  for  some  days,  rendered  the 
attainment  of  accurate  numbers  very  difficult  The  results,  how- 
ever, showed  very  definitely  that  no  important  increase  in  the 
amount  of  water  absorbed  took  place  when  it  had  reached  from 
5*5  to  6  per  cent.  When  these  specimens  had  ceased  to  absorb 
moisture,  they  were,  after  the  last  weighing,  exposed  to  the  at- 
mosphere at  the  ordinary  temperature  for  one  hour,  and  again 
weighed,  when  they  were  found  to  have  parted  with  very  nearly 
one-half  of  the  total  proportion  of  water  absorbed.  After  furthtf 
exposure  to  air  for  about  four  hours,  the  proportion  of  moisture 
retained  had  fallen  to  the  average  normal  percentage  (2  per  cent.), 
and  aft;erwards  evinced  no  ftirthcr  tendency  to  decrease. 

*  Several  detenninationB  of  the  moisture  in  cotton  rovings,  both  before  and  after 
treatment  with  alkali  (and  repeated  washing),  show  that  the  proportion  oT  hjgrosoo- 
pic  moisture  in  the  cotton  amounta  to  between  6  and  1  per  cent,  this  amount 
reabsorbed  bj  the  dried  cotton,  within  tweotj-four  hours,  on  ezposnre  to  air. 
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Two  specimens  were  kept  confined  as  described,  together  with 
a  vessel  of  water,  for  several  weeks  in  a  moderately  warm  room. 
The  water  had  then  condensed,  in  nnmerons  minute  globules,  up- 
on the  projecting  filaments  of  the  gun-cotton ;  the  specimens  were 
therefore  veiy  highly  chained  with  moisture.  In  this  condition  they 
were  exposed  to  the  air  at  the  ordinary  temperature ;  within  one 
hour  and  a  half  they  contained  only  about  4*5  per  cent,  of  mois- 
ture. After  the  lapse  of  a  second  similar  period,  the  moisture  had 
decreased  to  about  8  per  cent  (3'16  in  one  specimen  and  2*78  in 
the  other).  When  again  weighed,  after  a  lapse  of  about  four 
hours,  the  percentage  of  water  had  fallen,  in  both,  to  the  average 
proportion. 

Experiments  corresponding  to  the  above  were  made  with  the 
specimen  of  gun-cotton  referred  to  above  as  having  been  prepared 
from  common  cotton-wool.  The  rate  of  absorption  of  moisture 
of  this  specimen  was  found  to  be  decidedly  more  rapid  than  that 
of  the  Austrian  gun-cotton ;  but  they  very  closely  resembled 
each  other  as  regarded  the  rapidity  with  which  they  again  part- 
ed, spontaneously,  with  the  moisture  absorbed  from  a  damp  at- 
mosphere, and  the  average  proportion  ultimately  retained.  The 
differences  noted  in  the  rate  of  absorption  of  moisture  between 
the  two  varieties  of  gun-cotton,  is  most  probably  due  to  the  dif- 
ference in  their  mechanical  condition.  Some  of  the  specimens  of 
Austrian  gun-cotton  used  in  these  experiments  were  picked  asun- 
der, as  loosely  as  possible,  instead  of  being  exposed  in  the  form 
of  twists ;  the  difference  thus  established  in  the  mechanical  con- 
dition of  the  specimens  did  not  affect,  to  any  great  extent,  their 
relative  hygroscopic  properties.  It  was  found  impracticable, 
however,  to  reduce  the  gun-cotton  rovings  to  the  same  mechan- 
ical condition  as  the  gun-cotton  prepared  from  finely  carded 
wool. 

939.   It  appears  from  the  results  above  described,  that — 

(a)  The  proportion  of  moisture  absorbed  and  retained,  under 
ordinary  circumstances,  by  the  gun-cotton  is  about  double  that 
contained  under  similar  conditions  in  good  gunpowder  (which 
averages  one  per  cent.). 
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(5)  Gun-cotton  poaaesses  no  tendency  to  absorb  moiflture  beyond 
that  proportion,  unloBS  in  very  damp  situations ;  and  even  under 
those  circumstances  the  proportion  of  moisture  absorbed  is  limit- 
ed. Moreover  its  capacity  for  retaining  water  (beyond  the  normal 
proportion)  is  so  feeble  that,  however  highly  it  may  have  acci- 
dentally become  impr^nated  with  moisture,  it  will  return  spon- 
taneously to  its  original  condition  of  dryness  by  simple  exposure 
to  the  open  air  for  a  few  hours.  In  these  respects  it  possesses 
important  advantages  over  gunpowder;  for  although  the  latter 
contains,  under  normal  conditions,  less  moisture  than  gun-cotton, 
it  exhibits  great  tendency  to  absorb  water  from  a  moist  atmos- 
phere, which  it  continues  to  exert  until  it  actually  becomes  pasty. 
Moreover  gunpowder,  when  once  damp,  cannot  be  restored  to  a 
serviceable  condition  without  being  again  submitted  to  the  incor- 
porating and  subsequent  processes.    »    »    * 

033.  IT.  Information  g^lven  hj  Baron  I^enk  on  June  99 
and  July  14,  1863. — 1.  What  weight  of  ffuiv-cotton  and  yunpow- 
der  give  equal  effects  t — ^In  accordance  with  experience,  gun-cotton 
produces  the  same  effect  as  three  times  its  weight  of  gunpowder ; 
which  proportion,  under  certain  circumstances,  may  be  increased 
to  six  times  its  weight  of  gunpowder ;  for  the  effect  of  gun-cotton 
in  proportion  to  gunpowder  is  the  greater  the  more  resistance  is 
offered  to  the  chaise  by  the  sides  which  enclose  it,  and  the  less 
ffos  can  escape  a;t  the  beginning  of  the  explosion, 

934.  2.  What  hulks  of  each  give  equal  effect  f — The  space 
required  for  a  gun-cotton  cartridge,  to  produce  an  equal  effect,  is 
scarcely  half  as  large  as  that  of  a  gunpowder  cartridge ;  and  it  is 
only  made  equally  large  or  slightly  larger,  if  secondary  circum- 
stances should  demand  it. 

935.  8.  Is  the  effect  more  constant  with  gun-cotton  or  with 
gunpowder  f — ^The  effect  of  small  fire-arms  and  of  artillery  in 
general  is  considerably  more  uniform  and  constant  with  the  use 
of  gun-cotton  than  with  gunpowder,  provided  the  proper  chaige 
and  cartridge  has  been  taken. 

That  superiority  gun-cotton  partly  owes  to  the  chemical  pro- 
cess by  which  I  have  prpduced  it,  and  partly  to  the  uniform  forma- 
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tion  of  the  cartridge,  which  can  only  be  attained  by  its  regular 
texture,  using  it  in  the  shape  of  cotton-yam. 

994I.  4.  Which  admits  of  more  precise  aim  t — On  account  of 
the  more  constant  effect  of  gun-cotton,  and  because  its  use  prevents 
fouling  of  the  gun,  which  further  admits  to  reduce  the  space  be- 
tween shot  and  barrel,  and  on  account  of  less  heating  of  the  gun, 
as  well  as  by  the  uniform  position  of  the  cartridge,  there  must  be 
a  more  precise  aim  of  shot  with  gun-cotton — ^which,  moreover, 
has  been  fully  proved  by  experience. 

097«  5.  Which  occasions  least  recoil  f — Chiefly  on  account 
of  the  smaller  space  of  time  the  projectile  requires  to  pass 
through  the  barrel  of  a  gun  to  attain  a  certain  initial  velocity, 
the  recoil  of  the  gun  is  less  than  with  the  use  of  gunpowder.  It 
may  be  stated  that,  by  the  official  trials  of  the  Commissioners  in 
the  year  1860,  the  recoil  of  the  gun  with  gun-cotton  was  found  to 
be  0*68  of  that  with  gunpowder. 

•98.  6.  What  is  the  relative  eff^ect  as  tofovUngt — ^Except 
an  extremely  small  residuum  of  carbon,  there  is  no  deposit  with 
the  use  of  gun-cotton.  The  barrel  of  a  gun  requires  no  cleaning 
out ;  there  is  no  chemical  effect  upon  cast  and  wrought  iron, 
steel,  or  bronze  barrels  by  using  gun-cotton  cartridges. 

999.  7.  Is  gunrCoUon  liable  to  decay  when  stored  f-^Qxm- 
cotton  has  been  stored  like  gunpowder  for  twelve  years,  usually 
packed  in  wooden  boxes :  and  no  trace  of  alteration  has  been  dis- 
covered. My  own  experiments  go  back  as  far  as  1846,  and  have 
given  most  favorable  results  in  this  respect. 

980.  8.  How  is  it  affected  hy  water  or  damp  f — Gun-cotton 
placed  under  water  is  unalterable.  By  the  transformation  of  or- 
dinary cotton  into  gun-cotton,  it  loses  the  greater  part  of  its  hy- 
groscopic property,  so  that  gun-cotton,  properly  manufactured, 
resists  the  influence  of  damp  much  better  than  gunpowder :  and 
moreover  it  cannot,  like  gunpowder,  get  permanently  spoiled 
thereby.  Gun-cotton,  if  dried  in  the  open  air,  contains  2  per  cent, 
moisture ;  ordinary  cotton,  about  6  per  cent.  Gun-cotton,  placed 
in  a  room  completely  saturated  witli  moisture,  after  thirty-three 
days  of  exposure  contained  8  per  cent,  moisture^  whilst  under  the 
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same  circTunstanceB  gunpowd^  was  Batnrated  with  79*9  per  cent 
of  water ;  Bome  weeks  afterwards  the  whole  saltpetre  of  the  gon- 
powder  was  converted  into  a  concentrated  solution  of  saltpetre, 
whilst  gun-cotton  took  no  more  than  8  per  cent,  of  water  as  a 
maximum  saturation. 

931.  9.  Which  admits  of  moat  rapid  firing  t — ^The  gon 
being  heated  considerably  less  by  using  cotton  cartridges,  the 
absence  of  a  noteworthy  residuum  and  smoke  admits  of  a  more 
easy  manipulation  and  sighting  of  the  gun,  and  thereby  secures 
a  more  continuous  and  rapid  fire. 

It  may  be  stated  that  100  roimds  with  gun-cotton  were  fired  in 
thirty-four  minutes,  and  the  barrel  was  heated  to  fifty  d^rees 
Cent. ;  whilst  100  rounds  with  gunpowder  cartridge  in  100  min- 
utes heated  the  gun  so  much  that  water  dropped  on  the  barrel 
immediately  evaporated  with  noise,  though  three  times  as  much 
time  was  required  with  the  powder  chaises.  The  OonmussioneiB 
continued  the  trials  with  gun-cotton  up  to  180  rounds  without  any 
danger  from  heating  being  apprehended,  whilst  the  Conmiiasi<Mi- 
ers  thought  it  advisable,  for  the  sake  of  safety,  not  to  continue 
firing  with  powder  chaiges  under  the  above  circumstances. 

933.  10.  Whai  effect  has  gunrcotton  on  the  coohhesa  and  dean- 
nesa  of  the  gun  ? — ^It  has  been  already  mentioned  that,  with  the 
use  of  gun-cotton,  fire-arms  remain  considerably  cooler  than  with 
gunpowder :  and  the  slight  residuum  has  no  influence  upon  the 
effect  of  the  gun. 

933.  11.  Haw  far  is  it  adapted  for  hreechrloading  f — There 
being  no  fouling  of  the  gun,  it  follows  that  with  the  use  of  breech- 
loaders the  construction  of  the  breech  may  be  kept  quite  tight. 

934.  12.  How  is  it  for  precision  of  aim  t — ^Under  all  cir- 
cumstances the  aim  is  not  disturbed  or  interrupted,  there  being 
no  smoke  attending  the  discharge  of  the  gun. 

935.  13.  Has  it  any  special  ad/oantages  in  forts^  ships^  and 
casemates? — From  many  experiments,  but  especially  from  the 
official  trials  made  in  the  casemates  of  the  fortress  of  Oomom  in 
the  year  1863,  it  results  that  under  circumstances  which  would 
render  the  firing  with  powder  diflicult,  or  even  impossible,  there 
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was  no  trouble  or  molestation  in  any  way  to  those  serving  tlie 
gons  with  the  nse  of  gun-cotton  cartridges. 

The  trials  in  the  fortress  of  Comom  were  made  in  casemates, 
ventilation  being  intentionally  obviated.  After  fifteen  rounds 
with  powder  cartridges,  further  sighting  of  the  gim  was  impossi- 
ble ;  after  forty-six  rounds,  one  of  the  men  serving  the  gun  fell 
into  convulsions  of  suffocation  ;  a  second  man  being  ordered  in 
the  place  of  the  first  disabled  man,  got  immediately  sick  on  enter- 
ing the  casemate ;  the  rest  of  the  men  were  more  or  less  stupefied ; 
it  was  necessary  to  stop  firing  after  fifty  rounds  given  in  eighty 
minutes.  By  using  gun-cotton  cartridges,  on  the  contrary,  aft;er 
fifty  rounds  the  men  serving  the  gun  felt  not  the  least  molestation, 
and  the  aim  was  always  clearly  visible. 

936.  14.  How  is  it  adapted  for  mining  /— ^Thfe  more  accel- 
erated effect  of  gun-cotton,  and  the  possibility  of  enclosing  in  the 
same  space  more  than  double  the  quantity  of  gases,  especially 
direct  us  to  employ  gun-cotton  where  it  is  desired  to  attain  an 
energetic  effect  for  mining  purposes,  for  example,  to  secure  har- 
bors by  means  of  sea-mines. 

937.  15.  What  is  the  rdatvoe  d/mger  of  manufacture  ? — In 
the  manufacture  of  gun-cotton  every  manipulation,  up  to  its  final 
accomplishment,  is  without  any  danger  whatever,  whilst  with  the 
manufacture  of  gunpowder  danger  of  explosion  exists  from  the 
b^inning  of  the  operation. 

938.  16.  Whai  is  the  comparative  risk  in  conveyance  t — The 
smaller  weight  of  gun-cotton,  as  well  as  the  smaller  volume  of  it 
for  an  equal  effect,  favors  the  conveyance  of  gun-cotton  consider- 
ably ;  and  it  may  be  taken  moreover  into  consideration  that  the 
dangerous  '^  getting  to  dust"  of  powder  cannot  take  place  with 
gnn-cotton. 

The  transport  of  gun-cotton  to  the  most  distant  parts  of  the 
empire  of  Austria  under  intentionally  difficult  circumstances,  has 
always  been  effected  without  difficulty, 

9S9.  lY.  How  is  it  adapted  for  slieUs  ?—Siie\\%  filled  with 
gun-cotton  hold  a  considerably  larger  quantity  of  material  for  the 
production  of  gases ;  at  the  same  time,  it  is  in  the  nature  of  both 
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compounds  that  gun-cotton  develops  far  quicker  the  gases  of 
combustion  than  gunpowder;  for  this  reason,  shells  filled  with 
gun-cotton  burst  into  at  least  double  the  number  of  pieces. 

940,  18.  h  it  lidhle  to  apontaneoics  eosplosiont — From  the 
last  Eeport,  dated  June,  1863,  of  the  Professors  of  Chemistry 
appointed  by  the  Minister  for  War  to  report  on  that  subject,  and 
to  give  their  opinion,  and  which  is  submitted  to  you,  the  appre- 
hension of  self-explosion  has  in  no  way  any  foundation  whatever. 

Without  direct  ignition,  gun-cotton  may  detonate  between  iron 
and  iron  if  a  heavy  blow  be  struck ;  but  it  is  known  that  only 
that  part  explodes  which  was  hit,  without  communicating  igni- 
tion to  the  surrounding  particles.  If,  however,  even  with  an  iron 
hammer,  gun-cotton  be  struck  a  heavy  blow  upon  bronze  or  other 
soft  metals,  6r  upon  stone,  no  detonation  can  take  place.  In 
every  report  of  the  Austrian  Empire  Commissioners,  that  subject 
was  considered  and  disposed  of  as  not  impairing  the  safety  of 
manipulation. 

941.  19.  How  far  is  it  possible  to  regtdate  its  esfplosive  power  f 
— It  has  been  established  by  experience  that  it  is  possible  to 
moderate  the  force  of  gun-cotton  within  very  extensive  limits,  and 
thereby  to  suit  it  to  the  different  purposes  without  having  ground 
for  apprehension  that  variable  effects  would  be  the  consequence ; 
that  valuable  property  of  gun-cotton,  however,  requires  that  the 
trials  be  made  under  the  superintendence  of  an  expert,  which  will 
secure  the  desired  effects  to  a  certainty. 

943,  20.  What  is  its  cost  of  vumufactare  f — Supposing  quan- 
tities which  would  produce  equal  effects,  then  its  cost  is  consider- 
ably less  than  that  of  gunpowder ;  under  ordinary  circumstances 
and  normal  prices  of  cotton,  the  cost  of  manufacture  of  gun-cotton 
is  under  fourteen  pence  per  pound,  but  at  the  present  high  price  of 
raw  cotten  its  cost  wiU  be  under  twenty  pence  per  pound  weight.* 

041S,  21.  Oive  us  whai^  in  your  opinion^  are  the  essential 
points  in  the  manufacture  of  gun-cotton  t 

a.  Cotton. — ^Any  sort  of  cotton  may  be  used  for  the  production 

*  Baron  Lenk  subsequentlj  reduced  this  estimate. 
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of  gun-cotton,  provided  it  be  tolerably  free  from  seed-capsules  and 
oleaginous  matter.  Absence  of  the  latter  is  indeed  imperative ; 
hence  factory  cotton,  as  ordinarily  obtained,  must  be  digested  in 
a  weak  alkaline  solution,  as  is  usual  in  such  cases. 

Other  forms  of  lignine  can  be  substituted  for  cotton  to  produce 
an  explosive  material — ^viz.,  flax,  hemp,  bog-grass,  maize,  straw, 
rags,  sawdust,  &c.  I  have  given  rules  so  as  to  meet  the  case  of 
either  of  these ;  however,  it  is  only  in  some  extraordinary  cases 
that  any  of  these  materials  are  to  be  preferred  to  cotton ;  further, 
ulterior  applications  of  the  explosive  material  are  much  facilitated 
by  the  device  otspiniiing  into  threads. 

944,  b.  Nitric  Acid. — The  nitric  acid  employed  must  be  in 
the  highest  possible  degree  of  concentration ;  and  here  the  remark 
should  be  made,  that  an  impurity  of  hyponitric  acid  imparted  to 
the  acid  by  concentration,  and  which  is  difficult  to  eliminate, 
does  not  prejudice  the  acid  for  this  special  application. 

945.  c.  SuJjyhuric  Acid, — The  ordinary  commercial  sulphuric 
acid  of  spec.  grav.  1*84  answers  perfectly. 

940«  d.  Mixture  of  the  Acids. — This  consists  of  one  part  hy 
weight  of  nitric  acidj  and  three  parts  (weight)  stdphuric  acid, — 
assuming  the  nitric  acid  employed  to  possess  an  average  specific 
gravity  of  1'485.  If,  however,  the  specific  gravity  should  differ 
from  the  above,  then  cognizance  of  the  amount  of  anhydrous  acid 
supplies  the  data  necessary  for  regulating  the  mixture. 

The  mixture  is  effected  by  means  of  an  apparatus  represented 
by  Fig.  1.*  The  vessel  C  is  filled  with  the  predetermined  quan- 
tity (equivalent  to  the  required  weight)  of  nitric  acid ;  B  and  D 
with  sulphuric  acid.  This  being  done,  the  acids  from  the  three 
vessels  are  allowed  to  nm  very  slowly  into  F,  in  which  is  an 
agitator  T,  set  in  motion  by  the  handle  L.  As  soon  as  a  portion 
of  the  two  acids  has  been  mingled  in  this  manner,  the  mixture  is 
allowed  to  run  from  F  to  G,  and  the  operation  resumed  as  before. 

The  reservoir  G  being  completely  filled,  its  contents  must  be 
set  aside  in  closed  vessels.    It  is  advantageous  to  preserve  the 

*  This  refers  to  a  drawing  exhibited  at  the  Ume. 
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mixed  acids  a  considerable  time  in  the  above  vessels ;  in  no  case 
must  the  mixture  be  nsed  nntil  it  has  become  quite  cold. 

947.  e.  Process  of  Stewing. — Cotton- wool  ordinarily  absorbs 
abont  6  per  cent,  of  atmospheric  moisture,  which  must  be  dissi- 
pated in  a  drying-room  heated  to  95°  F.  previous  to  dipping  the 
cotton. 

Steeping  is  effected  in  an  apparatus  represented  by  Figs.  2,  2a, 
and  2J.*  The  apparatus,  during  the  process,  is  kept  cool  by  a  con- 
stant change  of  cold  water  poured  into  the  vessel  F.  The  cham- 
ber A  contains  a  store  of  acid,  B  sixty  pounds  of  the  acid  mixture, 
D  represents  the  vessel  in  which  the  cotton  is  stored  after  dipping 
is  accomplished.  Two  skeins  (about  three  ounces)  of  dried  cotton 
are  dipped  at  one  operation  in  the  mixture  contained  in  B,  the 
spatula  G  being  used  to  effect,  by  pressure,  complete  incorpora- 
tion between  acid  and  cotton ;  in  the  next  place,  the  cotton  is  to 
be  removed  from  the  bath,  laid  upon  the  rack  0,  and  pressed  to 
such  extent  that  the  amount  of  mixed  acids  left  absorbed  by  the 
cotton  be  in  the  ratio  of  10^  Ihs,  of  the  former  to  lib.  of  the  latter. 
The  cotton  being  now  lifted  into  the  vessel  D,  this  is  to  be  filled 
with  mixed  acids,  and  the  portion  of  acid  absorbed  made  good  by 
means  of  the  tarred  spoon  £,  in  such  manner  that  the  surface  in 
B  may  always  maintain  the  same  level  for  every  additional  por- 
tion of  cotton  dipped. 

The  vessel  D  filled  in  the  manner  prescribed,  is  at  length  set 
aside,  the  due  proportion  of  its  contents  being  regulated,  if  neces- 
sary :  the  regulation  is  easily  accomplished  after  a  little  practice, 
but  it  is  seldom  requisite.  The  cotton  is  next  compressed  by  the 
handle  H  in  such  manner  that  it  is  wholly  covered  by  acid,  to  the 
ftirther  action  of  which  it  is  left  exposed  for  the  space  of  forty- 
eight  hours;  it  must  be  cooled  during  that  exposure,  thus 
guarding  against  the  violent  action  of  the  acids  resulting  in  de- 
composition. 

948.  f.  Removal  of  Acid  from  the  Gun-Cotton. — This  is  per- 
formed by  means  of  a  centrifugal  machine,  the  drum  of  which  is 

*  This  refers  to  a  drawing  exhibited  at  the  time. 
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of  copper,  a  material  which  lasts  a  considerable  time ;  after  this 
manipulation,  there  still  remain  3  lbs.  of  acid  in  the  gmi-cotton 
manufactured  from  1  lb.  of  ordinary  cotton.  *  This  must  be  got 
rid  of  by  rapid  water  afiusion  applied  in  some  convenient  manner. 

Mere  afiusion,  however,  does  not  suffice  to  get  rid  of  all  the 
adherent  add,  hence  the  cotton  must  remain  for  a  yet  longer 
period  in  a  stream  of  water,  natural  or  artificial. 

949.  g.  Impregnation  of  Oun-CotUm  with  scluble  Glass. — 
The  object  of  this  process  is  to  close  the  pores  of  the  gun-cotton 
fibre  by  silica  precipated  within  them,  by  which  the  velocity  of 
explosion  of  gun-cotton  is  hereafter  retarded;  moreover  any 
lingering  traces  of  acid  that  may  remain  are  neutralized  by  com- 
bination with  soda  liberated  from  the  soluble  glass.  This  opera- 
tion is  performed  by  means  of  a  centrifugal  machine,  into  which  a 
central  tube  passes  for  supplying  the  glass  solution.  By  this 
arrangement  the  liquid  is  driven  in  very  minute  division  through 
the  gun-cotton ;  the  glass  solution  employed  has  a  density  of  12° 
Baume.  The  material  having  been  treated  as  described,  has  next 
to  be  dried  by  atmospheric  exposure :  as  drying  proceeds,  decom- 
position of  the  soluble  glass  goes  on.  Atmospheric  carbonic  acid 
uniting  with  soda,  forms  carbonate  of  soda,  whilst  silica  is  pre- 
cipitated. 

The  carbonate  of  soda  thus  produced  being  soluble  in  water, 
can  be  got  rid  of  hereafter  by  washing,  whereas  the  precipitated 
silicic  acid  not  being  soluble,  remains  attached  to  the  cotton  fibres, 
protecting  them  from  decomposition  under  atmospheric  infiuences, 
however  high  the  temperature  may  be. 

9S0*  h.  Treatment  with  Soap. — For  many  purposes  it  is  desi- 
rable to  retain  the  fibres  of  gun-cotton  soft,  in  order  to  guard 
against  the  contingency  of  explosion  from  very  violent  friction, 
gun-cotton  being  somewhat  harsh  to  the  touch. 

This  is  readily  effected  by  dipping  the  material,  already  treated 
with  soluble  glass  and  washed,  previous  to  final  drying,  into  a 
soap  ley,  the  excess  of  which  is  to  be  hereafter  squeezed  out,  and 
the  gun-cotton  finally  dried. 

9S1.  22.  Have  you  any  special  information  to  give  the  Comr 
mittee  respecting  thepractical  appUiXXtions  of  gunrcotion  t 


exact  meaMurcs  Btill  to  be  made,  and  many  iin]>ortant  data 
to  tie  olttainod.  Tlie  phenomena  attending  the  explosion  of  both 
goii-cottim  and  gun|)owtIer  have  to  be  investigated,  both  %a  to  the 
tem})erature«  generatinl  in  the  act  of  explonion,  and  the  nature  of 
the  compoondft  which  result  fn>m  tlicm  under  circunuttancea 
strictly  analogoun  to  thtme  which  occur  in  artillery  practice ;  and 
until  the»e  are  accurately  asccrtaincHL,  it  in  im}>ut«ible  to  recon- 
cile the  apparent  oontradictions  between  the  mechanical  phe- 
nomena which  n*«ult  from  tlio  employment  of  gun-cotton  ganet 
and  gun}M>wder  ganeii,  when  employed  to  do  the  same  kind  of 
mechanical  woriL. 
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•  IS,  L  Bjnmm  •r  aUMiatectara  oTdv^C^UMi  aacarrfedl 
Mi  !■  tlM  iM^rlttl  AvtirUMi  BMiMMuMmt.    Bjr  F.  A.  AhH^ 

F.  WL  ••-—(1)  The  ciitt4»n  empIoytHl  in  of  superior  quality,  tolera- 
bly free  fn>m  m*o<1  ;  it  in  canlcHl  hNim.>Iy,  twi^te^l,  and  made  up 
intii  nktMnn  tM*fiire  amvernioo.  Tlie  ntrandA  of  tlie  cotton  compo- 
sing the  (tkcins  are  of  two  sijUM — the  larger  tieing  intended  for 
cmnnon-cartridgt**,  and  tlie  other  ftir  small-arm  cartridgf*s  and 
bunters. 

•  !••  (2)  Prrj>aratory  PrfjHirtitionof  tfu  C»tUm. — Thecotton^ 
made  up  into  skeins  weighin;;  alxmt  3  ounces  each,  in  waAlttMl  in 
a  solution  4»f  pure  carUmattMif  {MitiiMOi  of  the  specific  gravity  r^»i, 
being  immerHiHl  in  tin*  ImmIih;;  fM»|iitu>n  for  a  short  time.  V\nm 
removal  fri»m  tlie  alkaline  lifpiid,  the  skrinn  an*  plaotl  in  a 
cfHtrifugal  machine,  by  which  the  greater  |Nirtion  of  the  liquid 
is  s4*]iarat4Hl.  Tlie  ski'inn  are  now  waslied  in  clrar  running  water, 
eithtT  by  allowing  thciii  t4>  remain  in  it  f«»r  three  or  fiiur  hours, 
4»r  c*1m*  by  washing  each  skein  l»y  hand  f«»r  a  few  minutc*s.  7*liey 
are  then  again  worktnl  in  a  centrifugal  machine  and  afterwanls 
dri(Hi — in  summer  by  tlie  rays  of  tlie  sun,  but  during  winter  in  a 
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ta  ifoitioti.     (a  &) 
ad     It  b  ftliQCMl  ttbioliilely  £ree  from  mIi  when  ejEiiUnli^ti  tti  • 


4lk  II  haft  a  wmj  tnarked  iupimiirity  in  ilmlitlity  Cfwm  otW 
iannc  of  fm-ooltoiL  It  Ium  been  kept  Qnalten*d  for  Afteeii  jmmn^ 
and  b  am  ttdblt  to  duil  qxmlfiiMiit  ibw  cliciimpcMition  wliieh  U 
kaova  to  iwdtr  bifv  ptodnoti  wdtUiIim  sltor  m  iliurt  lime. 
(a  4,  i.)  Yd  there  ire  itill  •fime  mmam  far  mpocliiv  Ihat 
«9«ti  Ibii  guthctmtm  pfiMliaeed  »l  llie  Imperii  worlti  suffeni  tcnne 
gradual  deterioncioii,  mpmaUj  wben  wuHMud  to  tbe  nutiltght. 
(A.  10;  aS). 

Tba  dtftoik  of  Uie  proeen  of  misiviwtafi^  at  Hiftonberf  an 
gfi^m  at  langtti  in  Hn  Abers  flnit  rr|M)rt,  In  Ooiieril  von  Lmk^ 
(L  il},  and  in  a  palmt  (Nik  1090)  tak«ci  oaf   hr  Mr 
Wood  Qmy,  and  teakd  Oet  10,  ISSSL 

Tbe  OdOfMi  of  proee^diiig  ti»DetitJj  adopird  at  tbe  Roval  Ctun- 
powd«r  Works,  Waltham  Alibe?,  k  fuUj  demiiird  id  Mr.  AbrFi 
tllM  aMOiormiidtiriL     f  A.  10^10.; 

1!Wf9  ia  one  {Ann  nf  tliit  proofaa  not  jrrt  allndod  tti,  iftid  ilie 
filva  of  w Uok  h  man  opa»  to  dinibt^  nami^lT,  tbe  treatment  of 
the  fm-oottoa  whk  a  aoliitioii  of  filieato  of  potaih,  rammonlj 
oalkd  nHw  glaM  Mr.  Abel  (A.  16)  and  tbe  Amitiaa  duaiiirti 
tbiiik  liiMy  of  it ;  but  Banm  Look  pnnatifcfti  tiial  tfw  amomrt  oi 
•Uiea  eat  fifw  oa  tba  ootloii  bjr  Iho  cwbotiio  add  of  tlie  atmoe* 
phtn  ia  raalljr  of  aerrioa  In  ntanlitip  tbo  oombnitioii.  Bm  adda 
dwi  aomaof  tha  gim-oottoii  made  at  tbo  Amtriaa  ImperU  Worka 
liaa  mm  bam  illi»lod  at  all,  and  aomf  iMt  faaparfbetly;  bat 
wln-ti  tbe  proeam  baa  beea  tbomeglilj  psibfaiod,  ba  tads  ibat 
the  gva-oiittoa  baa  iaiveaaad  panaamntlj  aboat  S  par  oeat.  In 
A  piaea  nf  one  of  Iba  aaaipkB  left  bj  tba  Qmm^ 
I  fbufl  u>  nrntaln  tUS  par  aaat.  of  mlaifal 
laedilaljriirdllca.^ 
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elements  ol  the  nitnc  acid,  and  are  all  explosive.  Ihe  moix 
complete  combination,  or  product  of  substitution,  is  that  At- 
scribed  by  Mr.  Hadow  as  CMHti  (9NO4)  Om,  which  is  identical  witii 
that  termed  by  the  Austrian  chemists  Trinitrocellulose,  C„  H. 
(3NO4)  0,0.  (0.  2).  This  is  of  no  use  whatever  for  making  coUu- 
dion,  but  it  is  Baron  Lenk's  gim-<K)tton,  and  he  secures  its  prodQ^ 
tion  by  several  precautions.    Of  these  the  most  important  are— 

1st.  The  cleansing  and  perfect  desiccation  of  the  cotton,  w  t 
preliminary  to  its  immersion  in  the  acids. 

2d.  The  employment  of  the  strongest  acids  attainable  in 
commerce. 

3d.  The  steeping  of  the  cotton  in  a  fresh  strong  mixture  of  wctiK 
after  its  first  immersion  and  partial  conversion  into  gun-cotton. 

4th.  The  continuance  of  the  steeping  for  forty-eight  houn. 

5th.  The  thorough  purification  of  the  gun-cotton  so  produced, 
from  every  trace  of  free  acid.  This  is  secured  by  its  beins 
washed  in  a  stream  of  water  for  several  weeks.  Subeequentlr  t 
weak  solution  of  potash  may  be  used,  but  this  is  not  essential 

The  prolonged  continuance  of  these  processes  appears  at  firrt 
sight  ^uperfiuous,  but  it  is  really  essential ;  for  each  cotton-fibre  l^ 
a  long  narrow  tube,  often  twisted  and  even  doubled  up,  and  tl*- 
acid  has  first  to  penetrate  into  the  very  furthest  depths  of  the^f 
tubes,  and  afterwards  has  to  be  soaked  out  of  them.  Hence  tb«* 
necessity  of  time.  It  seems  to  have  been  mainly  from  want  of  iLt*;* 
precautions  that  the  gun-cotton  experimented  on  by  the  FreniL 
Commission  gave  irregular  and  unsatisfactory  results.   (C.  1.) 

From  the  evidence  before  the  Committee,  it  appears  that  tM« 
highest  nitro-compound,  when  thoroughly  free  from  arid.  •* 
not  liable  to  some  of  the  objections  which  have  been  urp^' 
against  that  mixture  of  compounds  which  has  been  usiui^^ 
employed  for  experiments  on  gun-cotton. 

These  advantages  may  be  classed  as  follows: — 

Ist.  It  is  of  uniform  composition,  and  thus  the  force  of  tb* 
gases  generated  on  explosion  may  be  accurately  estimated.    \<  ^  - 

2d.  It  will  not  ignite  till  raised  to  a  temperature  of  at  !•  i** 
136°C.  (277"^  F.),  a  heat  which  does  not  occur  unless  artificullv 


fNTodoced  by  meaiiA  which  woald  render  gunpowder  itm*If  linblo 
to  i|cnition«     ((\  5.) 

3d.  It  in  almcwt  abrtolutely  free  from  Mh  when  expIodM  in  a 
confined  Kpttce* 

4th.  It  hftA  a  Terr  markecl  saperiority  in  gtahility  over  other 
fiimiii  of  fnui-<K>ttoa.  It  luM  lieen  kept  unaltertHl  for  fifteen  yeans 
and  in  not  lia))le  to  ttiat  ii]Mmtaneoaj)  slow  deeomiMKiition  which  h 
known  t4>  render  lower  prtxluet^i  worthK^M  after  a  »hort  time. 
(i\  4,  6.)  Yet  tliere  are  still  M>me  reaMms  for  fttu^peeting  that 
even  tlie  gun-o^tton  priKloced  at  the  Im])erial  works  nuficrH  Mime 
gnMlual  deti>rioration,  ettpeeially  when  exp<i«c*d  to  the  Kunlight. 
(A.  20;  C.  3). 

The  details  of  the  procoMi  of  manufacture  at  IIirtenl>efg  are 
given  at  length  in  Mr.  Aliers  firvt  n>]M)rt,  in  (General  von  Lenk^s 
repliei^  (L  21),  and  in  a  patent  <Xo.  Kn^i)  taken  out  hy  Mr. 
ThiHiia*  WikkI  (trey,  and  sealed  0<-t.  10,  lSi;2. 

The  c<mn«e  of  pnieetnling  reeently  adopt4»d  at  tlie  K4>yal  (tun- 
powder  Works,  Waltham  AW»ey,  i»  fully  dewrilied  in  Mr.  AIk-IV 
thini  memorandum.     i'A.  10-lA.; 

Tliere  is  one  part  of  the  proec*ss  not  yet  alluded  to,  tStid  tiie 
value  of  whieh  is  more  o|)en  to  douht,  namely,  the  treatment  of 
tlie  gim-<*<>tton  with  a  solution  of  silicate  of  {Mitash,  commonly 
calltHl  water-glsMi.  Mr.  AIk>1  (A.  Vt)  and  the  Austrian  chemists 
tliink  lightly  of  it ;  hut  Baron  Li^nk  considers  that  the  amount  of 
ftiU<*a  s«*t  free  on  the  mittfin  by  the  carlMinic  aci<l  of  the  atmos* 
phert*  is  rf*ally  of  M*r%'ice  in  rt*taniing  the  c<»mhusti<m.  He  ailds 
that  Nimeof  the  gun-cotton  ma4le  at  the  Austrian  InifM^rial  Works 
hurt  not  lie«*n  ikilicmt4Hl  at  all,  and  some  hut  im|M*rfe<*tly ;  hut 
when  tlie  pnM*«f«  has  In^n  th<»rf>ughly  {ierf(»rmi*<i,  he  finals  that 
the  gun*<N»tton  has  incn*ased  |icmianently  alMiut  3  fier  (*ent.  in 
wet^ht.  A  ptiH«e  of  one  of  the  saJnpi«*«  \vt\  hy  the  (teneral  was 
inde«*<l  found  Uf  contain  2**13  ]>er  ci*nL  of  mineral  matt4*r,  c(m*ist* 
lug  chiefly  of  silicm.^ 

•  T«oma«t'uat'i<Mk«  U  It  ai*J«*  b?  Pr  i;u<lau*#.  itbv*  ri«Ta<-t«vr)v  ;  tZ  m>\  2  4  \*f 
<v«l  *4  ft*h      It  ««•  it»A.r.ii  iii-i >.-.>•«••  •..  -^  in  «  atAic  <if  Trry  ftnr  tliT>«i««)     \**xX  m  0\b 
ilwd  out  0^  It  ••  •f«pnri*t4»  «Bou«t  of  lime 


produced  by  the  explosion  of  gun-cotton.  It  has  been  stated  that 
both  nitrous  fumes  and  prussic  acid  are  among  these  gasea,  and 
that  the  one  would  corrode  the  gun,  and  the  other  poison  the 
artillerymen.  Kow,  though  it  is  true  that  fix>m  some  kinds  of 
gun-cotton,  or  by  some  methods  of  decomposition,  one  or  both  of 
these  gases  may  be  produced,  the  results  of  the  explosion  of  tbe 
Austrian  gun-cotton,  without  access  of  air,  are  found  by  Karolyi 
to  contain  neither  of  these,  but  to  consist  of  nitrogen,  carboiiie 
acid,  carbonic  oxide,  water,  and  a  little  hydrogen,  and  light  car- 
buretted  hydrogen.  (C.  7.)  These  are  comparatively  innocnoos ; 
and  it  is  distinctly  in  evidence  that  practically  the  gon  is  less 
injured  by  repeated  charges  of  gun-cotton  than  of  gunpowder, 
and  that  the  men  in  casemates  suffer  less  fix>m  its  Amies.  (L.  13.> 
The  importance  of  this  latter  property  in  a  fortress,  or  a  ship, 
will  be  at  once  apparent. 

It  seems  a  disadvantage  of  this  material  as  compared  with  gun- 
powder that  it  explodes  at  a  lower  temperature,  possibly  at  ISS*'  C. 
(277^  F.);  but  against  the  greater  liability  to  accident  arisii^ 
from  this  cause  may  be  set  the  greatly  diminished  risk  of  e3q>lo- 
sion  during  the  process  of  manufacture,  since  the  gon-cotton  is 
always  immersed  in  liquid,  except  in  the  final  drying;  and  that 
may  be  performed,  if  desirable,  at  the  ordinary  temperature  of  tbe 
air.  Again^  if  it  should  be  considered  advisable  at  any  time*  it 
may  be  stored  in  water,  and  only  dried'  in  small  quantities  when 
required  for  use. 

The  fact  that  gun-cotton  is  not  injured  by  damp  like  gvn- 
powder,  is  indeed  one  of  its  recommendations.  It  is  not  even  so 
liable  to  absorb  moisture  from  the  atmosphere,  2  per  cent,  being 
the  usual  amount  of  hygroscopic  moisture  found  in  it ;  and  abonld 
that  quantity  be  increased  through  any  extraordinary  conditions 
of  the  air,  the  gun-cotton  speedily  parts  with  its  excess  of  mois- 
ture when  the  air  returns  to  its  ordinary  state  of  dryness.  (A.  h 
and  8.) 

But  a  still  more  important  chemical  advantage  which  gnn-cut- 
ton  possesses,  arises  firom  its  being  perfectly  resolved  into 


on  exploviion^  ho  thmt  there  ib  no  smoke  to  owcure  the  sight  or  the 
soldier  who  in  firing,  or  to  p<iint  out  his  ptmition  to  the  enemy ; 
and  no  reitidue  left  in  the  gun  to  be  got  rid  of  before  another 
charge  can  be  introduced. 

3.  MBCIIANICAL  00N8IDBRATI0NS 

••S.  At  the  outiwt  of  this  inquiry  the  Meclianical  Members 
of  the  (Committee  found  it  difficult  to  lielieve  that  greater  effects 
are  produciMl  by  a  given  volume  of  gafH««  generated  from  gun* 
ctitton  than  by  an  c«|ual  volume  of  gaM>«  generated  from  gun* 
|M>wder ;  nevertheloiH,  from  the  fact^  an  brought  U^fore  the  C'om- 
mittc*t\  such  contradiction  would  at  first  sight  appear  to  exist. 

The  great  waste  of  force  in  gun{>owder  cimstitutes  an  im{M>rtant 
difl*erem*e  lM*tw(*ic*n  it  and  gun-cott4>n^  in  which  there  is  no  waste. 
Acconling  to  the  experiments  of  RunM*n  and  S<*hischkofl!*,*  the 
waste  in  gun|M»wtU?r  is  OH  {rt  cent,  of  itj»  own  weight,  and  only 
32  p(*r  cent,  is  UM*ful.  This  OH  |>er  cent,  is  not  only  waf^te  in 
itM*lf^  but  it  waste's  the  power  of  the  remaining  32  per  wnt.  It 
wantes  it  median irally,  by  using  up  a  large  portion  of  the  mct*han- 
icml  fon*t*  of  the  ust*ful  gaM*s.  The  waste  of  gunpowder  i^uea 
fn»m  the  gun  with  much  higher  Vfhn'ity  than  the  projectile ;  and 
if  it  lie  rememlx*nHl  that  in  100  Umi,  of  usc>ful  gunpowder  this  is 
Oh  Dm.,  it  will  ap|M>ar  that  a  (Mirticin  of  the  32  llis.  of  useful  gun- 
|Miwder  gas  mu^t  lie  empl«»yt'd  in  imperiling  a  OH-lb.  shot  wim- 
ImiihmI  of  the  refuj«e  of  giin|>oW(It*r  itself. 

TIm'H'  \n  yrt  aiintiifr  jMH-iiliar  filature  of  gun-<*otton :  it  can 
U»  iX)»i<M|«'«l  in  any  f|uatitity  iiiMantaiit«ously.  This  was  once 
(N»ii»idi*rtMl  itii  gn*at  fault;  but  it  wa*«  only  a  fault  when  wo  were 
itTTHiriint  of  t)u*  itu*iAri«»  to  make*  that  vrl<M'ity  aiiv  tliiug  we  plcaM*d. 
(ffi*ntral  vnii  I^-iik  liaA  tiiMt>vt*nH]  iIm*  nn'an  of  pving  gun-<"ott«m 
tkuy  vrl«K-ity  offXpliHtion  that  i*  ri««|uinNl,  by  iiH»n*ly  varyinjc  the 
iiHf'hauical  arraii;^*fiit*nts  undtT  m'liitli  it  i*  UM>i.  (fun-<*«»tt4>n  in 
).i»  li.mdik  Ilim  any  f»|H^*<l  (»f  c*\pKision,  fnun  1  f(H»t  |ier  scv^md  Ut  1 
f«M»t  ill  j^^^  of  a  M'tohd,  or  to  inntantanrity.  Tlie  inntantancvnu 
cxpl(*^ion  of  a  largi*  4|uaritity  of  gun'<*otton  is  made  u«o  of  when  it  is 


required  to  produce  destrnctive  effects  on  the  Burrounding  materiiL 
.  Tlie  slow  combustion  is  made  use  of  when  it  is  required  to  prndnee 
manageable  power,  as  in  the  case  of  gunnery.  It  is  plain,  there- 
fore, that  if  we  can  explode  a  large  mass  instantaneously,  we  get 
out  of  the  gases  so  exploded  the  greatest  possible  power,  becau^ 
all  the  gas  is  generated  before  motion  commences,  and  this  is  the 
condition  of  maximum  effect  It  is  found  that  the  condititia 
necessary  to  produce  instantaneous  and  complete  explosion  is  the 
absolute'  perfection  of  closeness  of  the  chamber  containing  the 
gun-cotton.  The  reason  of  this  is,  that  the  first  ignited  gase* 
must  penetrate  the  whole  mass  of  the  cotton ;  and  this  they  do 
(and  create  complete  ignition  throughout)  only  under  pressure. 
This  pressure  need  not  be  great.  For  example,  a  barrel-load  t>f 
gun-cotton  will  produce  little  effect  and  very  slow  combustion 
when  out  of  the  barrel,  but  instantaneous  and  powerful  explositKi 
when  shut  up  within  it. 

On  the  other  hand,  if  we  desire  gun-cotton  to  produce  mechan- 
ical work  and  not  destruction  of  materials,  we  must  provide  for 
its  slower  combustion.  It  must  be  distributed  and  opened  t»ut 
mechanically,  so  as  to  occupy  a  larger  space,  and  in  this  state  it 
can  be  made  to  act  even  more  slowly  than  gunpowder ;  and  the 
exact  limit  for  purposes  of  artillery  General  von  Lenk  has  found 
by  critical  experiments.  In  general  it  is  found  that  the  proportioQ 
of  11  lbs.  of  gun-cotton,  occupying  1  cubic  foot  of  space,  producer 
a  greater  force  than  gunpowder  (of  which  from  50  to  64>  lbs. 
occupy  the-  same  space),  and  a  force  of  the  nature  required  for 
ordinary  artillery.  But  each  gun  and  each  kind  of  projectile 
requires  a  certain  density  of  cartridge.  Practically  gun-cotton  i* 
most  effective  in  guns  when  used  as  |  to  ^  weight  of  powder,  and 
occupying  a  space  of  IrVth  of  the  length  of  tlie  powder  cartridge, 
and  of  such  density  that  11  lbs.  occupy  a  cubic  foot. 

The  mechanical  structure  of  the  cartridge  is  of  high  importance, 
as  affecting  its  ignition.  The  cartridge  is  formed  of  a  mecbanicti 
arrangement  of  spun  cords ;  and  the  distribution  of  these,  the 
place  and  manner  of  ignition,  the  form  and  proportion  of  the  car* 
tridge,  all  affect  the  time  of  complete  ignition.     (A.  19.;  L  &^ 


11 »  Dj  me  compieie  ma8iory  tie  nai^  gaincHi  over  aii  iucbc  minatc 
puinU  that  (rencrml  Leak  u  enable<i  Ui  pvc  to  the  action  of  gnn- 
cotton  i>n  the  projectile  anj  law  of  force  he  plciiMM. 

Even  at  the  present  high  pritx*  of  c«itton,  iu  (H»t  of  production 
lA  said  to  bo  lesa  than  that  of  gun{H>wdor,  the  price  of  quantitiw 
being  compared  which  will  produi*e  e<{ual  eficct«.    (L.  2n.) 

PRACnOAL  ArPLICATIOXS, 

##!•  (funK'otton  i«  ummI  fur  artillery  in  the  form  of  thread  or 
»pun  yam.  In  thi«  simple  fonn  it  will  cimduct  coinhu»tion  sKiwly 
in  the  oiK*n  air  at  a  rate  of  nt»t  more  than  1  f<M>t  per  M*cond.  Tlii* 
tlirr;i4i  iH  Woven  into  a  texture  or  circMilar  web.  Th«>^e  webu  are 
niutlt*  of  variourt  dtameten»;  and  it  i*  out  4>f  thote  wcIm  that  com- 
mon rifle-<*artridgi*ii  are  niaik%  mer%*ly  by  cutting  them  into  the 
pn»|H>r  len;rth^  and  enclof«ing  them  in  stiflT  cylindem  of  pa»te- 
lH»anI,  which  form  the  cartridge.  In  thin  t\iH\H*  it«  conibu^tlon  in 
the  <>|K*n  air  taken  place  at  a  t^iH-etl  of  10  feet  |»er  HH.*ond.  In 
the»«e  cylindrical  web*  it  in  aliM>  UMsi  to  till  expl«»»ive  ahell*,  a*  it 
can  U*  conveniently  employ4*d  in  thi«  iiha|»e  to  {mum  in  thn>ugh  the 
m*«'k  tit'  the  nhell.  Gun-<*otton  thn*iul  ia  npun  int4»  ro))e«  in  the 
u»uid  way«  up  t4> :!  inches  diameter,  hollow  in  tlie  centre.  This 
ia  th«*  f«»rm  umhI  tor  bla.<*tiiig  atitl  mining  pur|M>M*^;  it  ctimliinea 
gn*at  d<*ii<*ity  with  »iH*<Hly  exphmion,  and  in  thi^  fonn  it  is  c«m* 
v<*nictitly  coili^l  in  ca»ks  and  »towe«l  in  Imixch,  Tlie  gUD-c«>tton 
yarn  i*  um'*!  dirt«<-tly  to  form  c«rtrid;r«'^  tor  lartre  guns,  by  U^ing 
wound  naind  a  Uibbin,  «u»  as  to  fonn  a  «pindle  like  that  um"!!  in 
f^|M(iiiiii;r*niitU.  Tlie  iMihhin  i*  a  liollow  tuU*  of  pA|H*r  or  w«mhL 
Tlic  ohjii't  of  tlit*  wimmIcu  nnl  ilk  to  im^mih*  in  all  vixm'^  the  nt^^^-ary 
Icti^rth  of  fIiamb«T  in  the  ;;un  re^juin-il  for  the  nn»t  effective  ex- 
pl<»«ion.  The  cuii-4N>ttiin  t-ln'uUr  m-ib  i*  cucIi»m<«|  in  tulMii  of 
Iniii:i-niMN*r  cloth  to  tonn  a  niatcli-linc,  in  wlmh  fi»nn  it  i«  mo«t 
o»n%*enie?it,  and  travel*  with  •|H^'il  and  errtninty. 

##•1.  /  ##»rvy.i#i*v  itt^l  Si»»r  !*/>  itf  Gun-i\ffttm,  —  It  r«*<»ults  from 
llie  fonv«»i»;?  fiwtw  tli^t  1  lb.  of  (^luiH-otton  pro-lue***  the  etfei't  of 
more  lli;in  .'S  t^i.  of  (;un|»*»wdiT  in  aniiiery.  Trii«  !•  a  material 
advantage,  mlieiher  it  Ik»  i-Arri**'!  by  mcn^  l»y  horM'%  ^T  in  wa;:i»nft. 
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a.  In  general. — The  proper  utilization  of  gun-cotton  presup- 
poses a  thorough  knowledge  of  the  nature  of  its  energy  and  the 
bearing  of  its  mechanical  advantages,  in  order  that  the  object 
proposed  may  be  gained  through  a  favorable  choice  of  circum- 
stances. These  influences  are  more  perceptible  with  gun-<;otton 
than  with  gunpowder,  inasmuch  as  gun-cotton  admits  of  variation 
from  a  point  of  inefficiency  to  one  of  highest  energy. 

Ignited  in  an  open  space  (i.  e.  not  under  pressure),  the  explosive 
effect  of  gun-cotton  is  trifling,  very  much  less  than  that  of  gun- 
powder. Ignited  in  spaces  more  or  less  closed,  then  in  proportion 
as  the  closure  is  perfect  does  the  explosion  assimilate  itself  to  that 
of  gunpowder,  the  force  of  which  under  certain  circumstances  it 
considerably  surpasses;  i.  e.^  it  is  dependent  on  the  resistance 
met  with.  The  maximum  of  the  explosive  effect  of  gun-cotton 
is  attained  when  the  charge  is  so  regulated,  as  to  dimensions  and 
form,  that  the  whole  of  it  becomes  ignited  before  the  yielding  of 
any  side  of  a  vessel  in  which  it  is  enclosed. 

The  products  of  combustion  of  gun-cotton  are  wholly  gaseous, 
whereas  gunpowder  by  combustion  yields  only  31  per  cent,  of 
gas,  whence  it  would  seem  that  the  energy  of  a  charge  of  gnn- 

TaBLE   OXLn. — EXPEBIMENTS  WITH  QUN-COTTOK,   INITIAL  YeLOGITISS,   ITa,  IK 
12-PonilDEB  Gu». 
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416. 
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powder  should  be  nearly  equalled  by  a  charge  of  gun-cotton  only 
one-third  of  its  weight.  The  available  power  of  one  part  of  gun- 
cotton  by  weight,  may,  under  certain  circumstances,  be  raised 
to  the  effect  of  six  parts  by  weight  of  gunpowder. 

OtISB.  b.  Application  of  Chm-CotUyrt,  as  a  charge  for  Smooth- 
lore  Ouns. — ^The  standard  of  reference  was  furnished  by  experi- 
ments conducted  with  a  12-pounder  bronze  field-piece,  which 
gave  results  as  follows : 

The  weight  of  shot,  solid  round,  used  was  12  lbs. 

Diameter  of  shot  4*5  inches.    (English  weight  and  measure.) 

Diameter  of  bore  for  gun-cotton  4*56  inches. 

Diameter  of  bore  for  gunpowder  4*67  inches. 

The  normal  performance  of  ordinary  powder-guns  gives  result 
I.,  as  compared  with  gun-cotton.  With  gun-cotton,  when  com- 
pressed chains  were  used,  each  of  13*6  oz.,  result  II.,  gun  2 ;  the 
gun  was  not  injured;  while  with  14*8  oz.  of  charge,  after  a 
few  rounds,  a  considerable  enlargement  of  the  bore,  where 
the  shot  lies,  took  place.  A  similar  result  happened  to  a  sec- 
ond gun,  No.  3,  even  with  a  charge  of  13*6  oz.,  after  the  first 
few  shots. 

When  one  of  the  enlarged  cartridges,  represented  at  Figs.  416  and 
417  was  used,  occupying  1*1  of  the  powder-space,  the  gun's  endur- 
ance was  perfect,  and  no  loss  of  effect  was  sustained,  and  its  practice 
remained  good,  as  proved  by  results  set  forth  at  III.  and  V., 
since  equal  charges  in  very  differeixt  spaces  {i.  e.y  in  the  ratio  of  5 
to  8)  still  produced  equal  results. 

In  proportion  as  the  tube  is  shorter,  an  increased  charge  is 
required  (shown  by  results  V.,  VI.,  VII.) ;  yet  the  effect  of  a 
normal  powder-gun  and  charge  may  be  attained  by  a  tube  short- 
ened from  13^  to  9  calibres :  it  follows  that  guns  to  be  used  with 
gun-cotton  may  be  constructed  much  shorter  than  if  intended  to 
be  charged  with  gunpowder*. 

With  the  largest  charge  used,  i.  e.,  17  ounces,  about  1000  shots 
were  fired  firom  the  same  gun,  without  affecting  the  piece  in  the 

*  No  details  are  given  as  to  predsioiL 
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slighteBt — an  endurance  very  Batisfactory,  and  considerably  greater 
than  has  been  experienced  with  gunpowder. 

This  experiment  was  further  continued  for  arriving  at  results 
by  empirical  means  as  to  the  strength  of  metal  in  various  parts  of 
the  tube. 

Fig.  416. 


The  original  tube,  formed  as  depicted  at  Fig.  418,  was  gradually 
turned  off  until  it  assumed  the  shape  figured  in  broken  lines,  but 
without  any  disadvantageous  effect.  The  metallic  strength  of  3'7 
inches  close  behind  the  seat  of  the  ball,  where,  according  to  ex- 
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perience,  the  greatest  Btrain  takes  place,  and  V'6  at  the  muzzle, 
were  so  moderate  that  for  practical  uses  no  further  diminution 
was  desirable;  hence  the  experiments  in  this  respect  were  dis- 
continued. 


Pio.  417. 


Finally,  I  turned  my  attention  to  the  object  of  flattening  the 
trajectory  of  projectiles  with  this  gun,  and  succeeded  to  such  an 
extent  that  a  projectile  fired  from  the  gun  horizontally  pointed  at 
targets  set  up  at  100  yards  from  each  other  as  far  as  1200  yards 
struck  at  an  even  height  at  3  feet  from  the  groimd,  and  fell  with- 
out ricochet  at  about  3200  yards. 

An  experiment  made  with  a  Krupp  cast-steel  6-pounder,  de- 
monstrated that  with  harder  and  more  resisting  metal  than  bronze, 
the  great  power  of  gun-cotton  might  unhesitatingly  be  made  use 
of  to  obtain  a  more  energetic  projectile  force  than  would  have 
been  compatible  with  the  use  of  gunpowder. 

The  results  are  as  follows : 

A  Krupp  6-pounder,  cast  steel,  charged  with  1  1 388  feet  per  second  initial 
30  oz.  of  normal  powder j      velocity  of  shot. 

A  Krupp  6-pounder,  cast  steel,  charged  with  '^  1563  feet  per  second  initial 
13I  oz.  of  gun-cotton j      velocity  of  shot. 

In  practice  it  is  necessary  with  the  use  of  gun-cotton  to  reduce 
52 
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Fig.  418. 


the  ^^  windage  "  to  a  minimum ;  otherwise  larger  charges  must  be 
used,  and  with  no  corresponding  advantage. 

OSS.  c.  Application  of  Chin-CoUon  to  rifled  Ordnance. — ^The 
time  may  have  arrived  for  breech-loaders,  which  have  lately  come 
into  use  under  such  good  auspices,  to  be  set 
aside  in  favor  of  muzzle-loaders,  for  the  ser- 
vice of  which  gun-cotton  offers  such  facili- 
ties, because  of  its  leaving  no  solid  residue 
>^'    i    'v.^^^^  after  combustion,  and  because  windage  ad- 

^f^^ 1. -"V      D^ts  of  reduction  to  a  minimum. 

The  method  of  determining  the  condition 
of  charge  differs  from  the  data  given  for 
smooth  bores,  in  so  far  that  the  vehemence 
of  explosion  may  be  decreased  by  mechani- 
cal means — such  as  variation  of  length  of 
chamber,  regulating  the  mode  of  ignition  so 
as  to  attain  a  sufficiently  favorable  condition 
of  starting  of  the  projectile  from  rest.  This 
result  was  easily  achieved  (as  demonstrated 
by  experiments  conducted  in  Austria)  within 
the  degrees  of  velocity  hitherto  deemed  suf- 
ficient, as  by  the  gun  shown  by  Figs.  419 
and  420  (521). 

To  what  extent  these  deductions  may  hold 
good  at  higher  velocities,  must  be  deter- 
mined by  further  experiments,  which  may 
be  eiLpected,  judging  from  present  data,  to 
give  favorable  results. 

The  Austrian  breech-loading  guns  (cast- 
iron)  of  three  service  calibres  (6,  12,  and 
24-pounders  charged  with  13, 30,  and  60  lbs. 
weight  projectiles  respectively)  answer  per- 
fectly when  charged  with  gun-cotton,  provided  the  chambers  are 
enlarged  to  1*1  of  the  original  capacity  for  powder.  For  larger 
charges,  cartridges  made  in  the  form  of  a  hollow  rope,  similar  to 
those  used  for  blasting,  would  answer;  however,  I  have  to  remark 
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thatitismoreneceeBaryin  rifled  than  in  Binooth-bore  guns  to  reduce 
the  windage  to  a  minimiim;  this,  on  account  of  the  Burprising  exact- 
neee  of  work  in  English  factories,  would  be  easy  of  accomplishment, 


Fio.  419. 


-^^^>^^ 


Fio.  420. 


and  would  raise  the  effect  of  gun-cotton.  Experiments  performed 
with  a  cast-steel  gun  of  3  in«  diameter,  weighing  only  50  lbs.,  fir- 
ing hollow  projectiles  with  effect  to  3000  yards,  demonstrate  that, 
on  account  of  the  short  length 
of  tube  necessary  and  the  slight 
recoil,  very  light  pieces  can  be 
made;  the  carriage  was  about  40 
lbs.  weight. 

9S4L.  d.  Application  of  Gun- 
Cotton  to  Small  Arms. — In  this 
respect  it  is  important  to  observe 
that  the  plasters  used  with  the  old 
round-ball  rifles  were  completely 
torn  BO  long  as  short  cartridges 
were  used.  When  I  elongated  the 
cartridges  the  plasters  resisted  perfectly,  and  practice  was  very 
accurate;  hence  it  is  demonstrated  that  length  is  a  very  important 
element  in  the  construction  of  small-arm  cartridges.  Experiment 
only  can  determine  ihe  proper  length. 
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One  circmnBtance  is  not  to  be  lost  sight  of— that  with  a  very 
long  cartridge  the  ignitio7i  of  it  in  proper  time  may  be  difficult 
to  achieve.  Practice  in  the  application  of  mechanical  means  is 
requisite  to  secure  the  proper  explosion  of  long  cartridges  by 
igniting  them  well  in  front.  Lastly,  experience  proves  that  in 
small-arm  cartridges  separation  of  the  cotton  into  several  layers, 
by  the  interposition  of  paper,  influences  the  result.  SmaU-arm 
cartridges  which  have  answered  best  are  composed  of  three  layers 
of  flat  woven  gun-cotton  with  paper  interposed.  For  the  small- 
bore long  range  rifles  used  in  England,  the  cartridges  most  suitable 
may  be  those  represented  at  Figs.  421  and  422,  the  precise  dimen- 


FIO.  421. 


Fig.  422. 


sions  of  them  being  fixed  experimentally.  On  the  4th  and  5th  of 
July,  1863,  there  was  a  preliminary  trial  at  Manchester,  during 
which  it  was  found  that  no  distortion  of  the  projectiles  ensued 
even  when  the  proper  conditions  of  charge  were  departed  from 
by  using  too  heavy  charges. 

OSS*  e.  Application  of  Oun-Cotton  to  purposes  of  Mining. — 
Gun-cotton  is  more  appropriate  to  this  use  than  gunpowder, 
which  it  surpasses  in  proportion  as  the  mass  to  be  blasted  is  more 
compact.  Assuming  a  solid  rock  to  be  blasted,  and  that  the 
proper  condition  of  charge  together  with  the  proper  distribution 
of  holes  have  both  been  heeded,  the  relative  proportions  of  gun- 
cotton  and  of  gunpowder  for  producing  an  equal  effect  are  1  gun- 
cotton  to  6*274  gunpowder  (weight  by  weight),  whilst  the  relative 
proportions  for  wall-blasting  (masonry)  are  1  gun-cotton  to  2'25 
gunpowder ;  however,  here  the  point  must  be  noted,  that  when 
these  experiments  were  performed  the  best  shape  of  charge  had 
not  been  determined.  According  to  experiments  more  recently 
conducted,  the  form  of  charge  for  blasting  which  best  answers  is 
that  of  a  hoUow  twisted  rope^  according  to  sample ;  the  operation 
of  charging  is  rendered  thus  very  easy  and  safe — ^wooden  tamping- 
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rods  being  used  nntfl  the  charge  is  covered.  According  to  re- 
peated experiments,  the  strongest  friction  of  gun-cotton  between 
stone  is  unattended  by  the  slightest  danger.  For  large  charges, 
it  is  to  be  remembered  that  complete  ignition  is  more  difficult  than 
the  complete  ignition  of  large  powder  charges;  to  accomplish 
this  resnlt  satisfactorily  for  mining  purposes,  it  is  indispensable  to 
fasten  up  the  gun-cotton  in  tightly  closed  vessels — ^which  afford  the 
necessary  resistance,  not  yielding  until  the  whole  mass  of  gun- 
cotton  has  hecome  ignited.  Experiments  have  proved  that  little 
barrels  with  strong  hoops  answer  best.  The  proper  construction 
of  these  restraining  cases  can  be  learned  experimentally  from 
models,  when  it  will  be  remarked  that  no  sm>oke  results  from  ex- 
plosion, and  very  Utile  fre  is  seen. 

As  a  charge  for  hollow  projectiles,  gun-cotton  substituted  for 
gunpowder  will  produce  similar  effects;  but  then  the  space  of 
shell  is  only  partly  filled,  even  whenthe  bursting  powder  charge 
is  raised  to  its  maximum.  An  increased  charge  of  gun-cotton 
may  be  employed  with  advantage,  which  thus,  in  comparison 
with  gunpowder,  will  give  an  additional  effect,  partly  referable  to 
additional  material  used,  and  partly  to  the  occurrence  of  a  more 
rapid  explosion. 

"With  projectiles  having  very  small  holes  for  filling,  the  accom- 
panying samples  were  used,  because  of  the  ease  with  which  filling 
cimld  be  conducted.  When  projectiles  with  cylindrical  bore, 
capable  of  being  thrown  open,  have  to  be  filled,  it  would  be  advi- 
sable to  insert  cylindrical  charges  of  gun-cotton  previously  com- 
pressed. A  soft  layer  of  felt  is  recommended  to  be  laid  interiorly 
against  the  base  of  the  projectile — ^though  this  precaution  does 
not  seem  to  be  imperative,  no  premature  bursting  having  taken 
place  in  the  course  of  any  experiments. 

0S6«  f.  Application  to  Fuze  Purposes. — ^For  fuzes  gun-cotton 
is  woven  (according  to  pattern  given),  then  steeped  in  saltpetre 
and  covered  with  a  jacket  of  India-rubber.  In  this  manner  the 
progress  of  combustion  is  rapid  (over  80  feet  per  second):  the  line 
will  bear  considerable  pressure,  and  may  even  be  folded  crossways 
without  fear  of  the  fire  leaping  from  one  fold  to  the  other. 


is  very  slow,  about  1  foot  per  second. 

057.  T.  Eztracu  from  a  Beport  on  Boroa  Mj^mUH  «■■- 
C^oUon,  by  ProfeMon  S^r.  Redtenbaclier,  Dr.  §dirottor,  OBi 
Dr.  Schneider,  to  His  Excellsnct  Fiku>-1Iab8Hai«  Johabs 
Fbeihebb  EIebcpen  ton  Fiohtenstahm,  Psbbident  of  ths  Botal 
Imperial  CSommission  on  Gun-Cotton,  June,  1863.— (1)  **  J>if€r- 
ence  between  the  French  Ov/nrCoUon  and  Baron  Lenl^B. — Accord- 
ing to  the  method  pursued  by  the  French  Commiasion,  the  rmw 
cotton  was  immersed  in  the  acid  mixture  for  one  hour.  Baron 
Lenk  leaves  his  cotton  forty-eight  hours  in  the  acid  bath.  The 
French  cotton  was  afterwards  dipped  in  running  water  for  an 
hour  or  an  hour  and  a  half.  Baron  Lenk's  gun-cotton  lies  four, 
six,  or  eight  weeks  in  a  stream.  The  French  cotton  had,  after 
washing,  so  much  free  acid  left,  that  wood-ash  lye  (a  solation  of 
carbonate  of  potash,  therefore)  was  neutralized  by  contact  with 
it,  and  after  long  use  became  sour.  Baron  Lenk's  cotton  is  so 
freed  from  acid  by  long  immersion,  that  a  two  per  cent,  aolntioa 
of  potash,  in  which  two  cwt.  of  gun-cotton  had  been  bofled,  biB 
lost  none  of  its  alkaline  properties — ^that  is  to  say,  that  the  cotton 
was  completely  free  from  acids,  as  experiments  wholly  aocM^ant 
with  tliose  of  the  Imperial  (Austrian)  Engineers'  Committee  foIlT 
demonstrated.  The  French  gun-cotton  having  been  prepared  in 
a  manner  so  different,  it  must  necessarily  have  had  a  difierent 
composition  to  that  of  Baron  Lenk's;  hence  it  is  clear  that  the 
French  experimental  results  cannot,  without  considerable  reserre, 
be  accepted  as  precedents." 

•88.  ''  If  this  analysis  (Tables  143  and  144)  differe  somewhat 
from  the  theoretical  formula  of  the  trinitro-celluloee,  the  circum- 
stance must  be  remembered  that  cotton  is  not  pure  cellnlose,  but 
that  it  consists  of  long-extended  v^etable  cellules,  in  which  there 
is  always  a  little  albuminous  substance  containing  over  50  per 
cent,  carbon,  and  7  per  cent,  hydrogen,  the  presence  of  which 
even  in  such  quantities  easily  increases  the  percentage  of  earboo 
and  hydrogen.  The  treatment  of  soluble  glass  has  no  influence 
on  Baron  Lenk's  gun-cotton,  it  being  previously  free  from  acidiL 
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Hf4rof«a 1     17        t*l        i*4        1*7        i-4        1-4       1*4  |.t 

(}an-<-<>tt4)n  u  alway*  put  int4>  compariiMiQ  m  an  cxplosire  com- 
|M>und  with  |nin|M>Wf!<!r ;  but  it  mii«t  he  rpinemlwred  that  one  of 
tlio  r«»iii|Minent  |Murt«  of  gan|M>wiler  (charcNial)  ib  moKt  imyulmr 
in  ciimlitv,  oHjiwiiilly  when*  the  primitive  method  of  preiiarini;  it 
Li  folI«>w<ML  Still,  in  thtH>n*tif*ml  (!iiw)uijiiti(in«  upon  gunpowder* 
rhan*<ii«l  i^  taken  int4>  ar<i»unt  an  pure  rarUm.^ 

MW.  i'l)  '^In  tiie  ma;nuuneH  of  fnin-<^>tton  at  the  Neuatadter 
IIaid(%  there  are  ikton*H  tif  varioitu  vearK  In  the  lal»orat4irT  of 
the  rni%-enuty  tliere  are  luimph*^  of  Ilirtenlierg  gun-d»tton  of 
tlin«e  M»veral  year*,  whieh  ha%'e  l>e<»n  examined  hr  the  abore- 
namiNl  artillery  offic«*n^  and  they  have  Uvn  found  ncK  to  differ 
materially  in  their  (Him pi mititin  fnnn  trinitn»-eelluK»ie.  <See  Table 
144.. 

•€•• — ''  If  th(*m*  renttlu  (Table  144)  are  rompaird  with  each 
other,  there  ran  lie  no  ri^ht  to  Miy  that  Ilirtenlieric  gnn-oolton 
altera  by  ke<*ping.  Tlit*y  agrve  a«  far  with  c»a4*h  <»ther  a«  analvM^n 
of  the  Mune  mat4*rial  usually  iUx,  It  iA  to  lie  rr|cretted«  on  tlii*  an 
on  many  other  arvHiunt^  that  during  the  la«t  twelve  yeara  »ucb 
analyMv  were  not  fVfHjuently  rrpeate<l.      If  tlie  oppooenta  of  | 


one-third  of  iu  weight*  The  available  power  of  one  part  of  fcnii- 
cHiCton  by  weighty  may,  tinder  certain  circunuttanc^oA,  be  rai^Ml 
to  the  effect  of  tix  part*  by  weight  of  gunpowder. 

9tfS,  b.  Applii^itum  of  Gun'(\ttt(fti  an  a  charge  for  Snutntli- 
hart  Guns. — The  standard  of  referenre  wa*  ftiminhed  by  exi>eri- 
mentii  conducted  with  a  12-poander  bronze  field-piece,  which 
gave  raialtii  %a  follows : 

The  weight  of  shot,  solid  round,  used  was  12  Um. 

Diameter  of  shot  4*5  inches.     (English  weight  and  measure.) 

Diameter  of  bore  for  gun-cotton  4*56  inches. 

Diameter  of  bore  for  gunpowder  4'67  inches. 

Ttie  normal  ]wrformanc*e  of  ortlinary  ]>owder-guns  gives  rei^ult 
L,  as  c*om pared  with  gun-cotton.  With  gun-<*otton,  when  com- 
prn«M*d  charges  were  used,  each  of  13*6  os.,  rveult  II.,  gun  2 ;  the 
gun  was  not  injnnnl;  while  with  ]4'8  oi.  of  charge,  after  a 
few  rounds,  a  considerable  enlargement  of  the  l)ore,  where 
the  sliot  lira,  took  place.  A  similar  result  hap])ened  to  a  mh*- 
ond  gun.  No.  3,  even  with  a  charge  of  13*6  oi.,  after  the  fir^t 
few  i»hots. 

When  one  of  the  enlarged  cartridges,  represented  at  Figs.  41^)  and 
417  was  uschI,  (KM-upying  1*1  of  the  iM>wder-i*pare,  the  gunV  endur- 
afu*e  was  [Krrfc<*t,  and  no  hiss  of  effect  wat*  sustained,  and  its  pra<ii(*e 
rL*fnairuMl  good,  as  prove<l  by  rMults  set  forth  at  III.  and  V., 
sinc'e  <vyi/<i/  chartjtM  in  rrry  dlfferrni  s^mrrs  (/,  ^.,  in  the  ratio  of  5 
to  S)  utill  productMl  equal  results. 

In  pro]M>rtion  as  the  tulie  is  sliorter,  an  increaM*d  charge  in 
n«quired  (iliown  by  results  V.,  VI.,  VII.);  yet  the  effe<'t  of  a 
normal  ]>owder-gun  and  charge  may  l«  attained  by  a  tulio  short- 
ene<l  from  13|  to  9  calibres:  it  follows  that  guns  to  lie  ttM*<l  with 
gun-4*otton  may  Iw  amstructed  much  shorter  than  if  int4*tided  to 
lie  rhargt'^l  with  gunjiowder*. 

With  the  largest  charge  used,  i.  ^.,  17  ounces,  at*out  1000  sbotj 
were  fired  from  the  same  gun,  without  affe<*ting  the  piece  in  the 

*  Jto  4«u0t  AT*  rirra  m  u>  pn>cittoci 


than  has  been  expenenced  with  gunpowder. 

This  experiment  was  further  continued  for  arriving  at  results 
by  empirical  means  as  to  the  strength  of  metal  in  TarioDB  p«rtB  of 
the  tube. 
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The  original  tube,  formed  as  depicted  at  Fig.  418,  was  grmdnaDT 
turned  off  until  it  assumed  the  shape  figured  in  bn^en  linea,  but 
without  any  disadvantageous  effect.  The  metallic  strength  of  3*7 
inches  close  behind  the  seat  of  the  ball,  where,  accoiding  to  ex- 


were  no  modermte  that  for  prmctical  uses  no  further  dimintition 
was  dcairable;  hence  the  experiments  in  this  respect  were  dii^ 
(trntinueiL 

Fio.  417. 


Finallv,  I  tam(*<l  my  attention  to  the  o1ijc*<*t  of  flattoniii^  the 
traje<-torT  of  pn>jiN-tilc*si  witli  this  f^n^  and  huihh'CnIchI  to  KUrli  an 
ext4'nt  that  a  pn»J4N-tiK*  tinNl  fn>ni  the  gun  h«>riz(intally  iioint4*<l  at 
tar^'tA  m't  up  ut  KM)  yanLi  from  c*a4*h  other  as  far  as  VJiH)  yanls 
struck  at  an  ffvn  h»»*jht  at  3  fei*t  from  the  pt>midf  and  fi*ll  tri/A* 
out  ri>iH'h»t  at  aUmt  3*i<M)  yards. 

An  exiH-riment  made  with  a  Krupp  rast-sti***!  0.]M)undt*r,  di^ 
monstrati^d  that  with  hardrr  and  m«>re  n-aisting  metal  than  hninre, 
the  gn*at  power  of  pinH*<>tton  mi^lit  unhiiiitatintrly  lie  maile  use 
of  to  obtain  a  miire  enerp*ti«*  [in>ji*<*tih*  fon<e  than  would  have 
Uvn  c<>mpatihle  with  tlie  use  of  ^n|M>wder. 

Tlie  rpi*ults  are  as  followi: 

A  Krvpf  4.f  un-irr,  (Mt  itrcl,  (haff^  with  )  I  )ll  Crrt  fvf  wtnmA  micUl 
)v  wc.  o#  B.««mAl  puwirr |       trlcMity  W  ftlkoc. 

A  ICmff  i-fH>«M«f,  CAM  ttrvl,  <hA/|Y4  with  >  l(fc)  Irm  fcv  m^^.mA  mkmI 
1)^   o«    ol  |«n  it<(u« /       «p1  <«itv  <  f  fthjf 

In  practice  it  is  i\cct>mmrj  with  tlie  use  of  {nmnnitton  to  reduce 
11 
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need,  and  with  no  corresponding  advantage. 

Otis.  c.  AppUcatiath  of  Oun-Cotlon  to  rifled  Ordnance. — ^The 
time  may  have  arriyed  for  breech-loaders,  which  have  lately  come 
into  use  under  such  good  auspices,  to  be  ael 
aside  in  favor  of  muzzle-loaders,  for  the  ser- 
vice of  which  gun-cotton  offers  such  &cili- 
ties,  because  of  its  leaving  no  solid  reaidiie 
after  combustion,  and  because  windage  ad- 
mits of  reduction  to  a  minimum. 

The  method  of  determining  the  condition 
of  charge  differs  from  the  data  given  for 
smooth  bores,  in  so  far  that  the  vehemenoe 
of  explosion  may  be  decreased  by  roeeham- 
cal  means — such  as  variation  of  length  of 
chamber,  r^ulating  the  mode  of  ignition  so 
as  to  attain  a  sufficiently  favorable  condition 
of  starting  of  the  projectile  from  rest.  Thia 
result  was  easily  achieved  (as  demonstrated 
by  experiments  conducted  in  Austria)  within 
the  degrees  of  velocity  hitherto  deemed  «af- 
ficient,  as  by  the  gun  shown  by  Ilga.  419 
and  420  (521). 

To  what  extent  these  deductions  nmy  hold 
good  at  higher  velocities,  must  be  deter- 
mined  by  further  experiments,  which  nwr 
be  expected,  judging  from  present  data,  to 
give  favorable  results. 

The  Austrian  breech-loading  guns  (cast- 
iron)  of  three  service  calibres  (6,  12,  and 
24-pounders  charged  with  13, 80,  and  60  Iha. 
weight  projectiles  respectively)  answer  per- 
fectly when  chaiged  with  gun-cotton,  provided  the  chambers  ars 
enlaiged  to  1*1  of  the  original  capacity  for  powder.  For  laiger 
charges,  cartridges  made  in  the  form  of  a  hollow  rope,  similar  to 
those  used  for  blasting,  would  answer;  however,  I  have  to  remark 


the  windage  to  a  minimum ;  thia,  on  account  of  the  surpriiung  exact- 
\  of  woriL  in  English  factories,  would  be  easjr  of  accomplishment^ 


riO.  419. 
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and  would  raise  the  effect  of  gun-cotton.  Exiieriments  performed 
with  a  cast-«teel  gun  of  3  in.  diameter,  weighing  onlv  r>o  llin.,  fir- 
ing  holl«>w  pnijcHTtiles  witli  effect  to  d<XX)  jrards,  demonAtrato  tiiat, 
on  art^ount  of  the  sliort  length 
of  tulK*  necessary  and  the  slight 
riHtiil,  very  light  piwH*  can  lie 
made;  the  carriage  was  ahout  4i) 
IIm.  weight, 

MM,  d.  ApfJi'^ttum  of  f/Mii- 
OtiUm  to  Sfnall  Anns. — In  tlii* 
nviKvt  it  is  imp«>rtant  to  olvicne 
tliat  the  pla^tcm  umhI  with  the  old 
n>und-l»all  riflea  were  completely 
torn  iM>  Iting  as  siiort  mrtridges 
were  used.  When  I  elongat4*<l  the 
cartridgt**  the  plasters  n*i»tjit4Ml  peHiH^tly,  and  practie<*  was  very 
accurate;  hence  it  is  dem^mstrated  tlial  Unytk  is  a  very  ini|iortant 
element  in  tlie  c«instruction  of  small-arm  cmrtridgim.  £x|icrimeiit 
only  can  determine  the  proptr  length. 
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tifled,  and  with  no  corresponding  advantage. 

9S8.  c.  Ap]plicaUoth  of  Otin-Catton  to  rifled  Ordmance. — ^The 
time  may  have  arrived  for  breech-loaders,  which  have  lately  coant 
into  use  under  such  good  auspices,  to  be  sel 
aside  in  favor  of  muzzle-loaders,  for  the  ser- 
vice of  which  gun-cotton  offers  such  &cili- 
ties,  because  of  its  leaving  no  solid  reaidiie 
^'    i   'v^  after  combustion,  and  because  windage  ad- 

^^. L "V)     nuts  of  reduction  to  a  minimum. 

The  method  of  determining  the  conditioti 
of  charge  differs  from  the  data  given  for 
smooth  bores,  in  so  far  that  the  vehemence 
of  explosion  may  be  decreased  by  mechani- 
cal means — such  as  variation  of  length  of 
chamber,  r^ulating  the  mode  of  ignition  so 
as  to  attain  a  sufficiently  favorable  conditioa 
of  starting  of  the  projectile  from  rest.  Thu 
result  was  easily  achieved  (as  demonstrated 
by  experiments  conducted  in  Austria)  within 
the  degrees  of  velocity  hitherto  deemed  snf* 
ficient,  as  by  the  gun  shown  by  Figa.  419 
and  420  (521). 

To  what  extent  these  deductions  may  hold 
good  at  higher  velocities,  must  be  deter- 
mined by  further  experiments,  which  mar 
be  expected,  judging  from  present  data,  to 
give  favorable  results. 

The  Austrian  breech-loading  guns  (cast- 
iron)  of  three  service  calibres  (6,  12,  and 
24-pounders  chaiged  with  13, 80,  and  60  Iha. 
weight  projectiles  respectively)  answer  per- 
fectly when  chaiged  with  gun-cotton,  provided  the  chambers  are 
enlarged  to  1*1  of  the  original  capacity  for  powder.  For  larger 
charges,  cartridges  made  in  the  form  of  a  hollow  rope,  siniilar  to 
those  used  for  blasting,  would  answer;  however,  I  have  to  remark 


the  windage  to  a  minim  am ;  this,  on  account  of  the  surpriiung  exact- 
\  of  work  in  English  factories,  would  be  easjr  of  accompliahment, 
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and  would  raise  the  effect  of  gun-cotton.  Experiments  performed 
with  a  cast-steel  gun  <if  3  in.  diameter,  weighing  onlv  5o  Uin.,  fir- 
ing hollow  pn»jectiles  with  otTi^ct  to  3<KH)  jards,  dcmcmntnito  that, 
4in  account  of  the  sliort  length 
of  tuU*  necoMarj  and  the  slight 
rwtiil,  very  light  piwt*  can  lie 
made;  the  carriage  was  ahout  4<> 
Urn.  weight 

MM,  d.  AjfjJiratum  of'  (iuf%* 
Ottiim  to  Stnali  Arrns. — In  tliiit 
n«[iect  it  is  important  to  o1«er%*e 
tliat  the  plai4eni  umhI  with  the  old 
round-hall  riflea  mere  completely 
torn  so  long  as  sliort  crartridgiii 
were  used.  When  I  elongated  the 
cartridges  the  plastem  n«i»iiite<l  peHiH-tly,  and  practi<*e  was  very 
accurate;  hence  it  is  demonstrated  tliat  Lntjlk  i*  a  very  ini|Hirtant 
element  in  tlie  c«instruction  of  small-arm  cartridges.  Ex|ieriment 
only  can  determine  the  prifprr  length. 


cuiai<Mi   eiemenu  oi   innicro-ceiiujoM,   m  uie    iouowin|ir    tame 
makes  apparent : — 

Carbon ^   14-t     14-4 

Hy^rofea  a.)     »•! 


(5)  ^^Temjtrntturf  at  which  (iun-Cfftfon  vjniU^, — The 
reje<*tion  of  ^n-ootttm,  in  coniteciuence  of  tlie  chanireable  natiin*, 
or  expliMive  qualitr  of  tlie  material  at  low  tem|>eratara(«  i«  84 1 
tlionni^j^hlv  and  dec*i<le<lly  contnulicte^l  in  the  Report  of  Barun 
von  Elmer,  tliat  it  would  )«  AuperfluotiA  to  go  anv  further  into 
thiii  question — the  l«»we«t  exploHi%'c  temperature  of  the  Hirtenberg 
gun-ctitton  lieing  therein  fixed  at  130'  C,  a  temperature  which, 
practically,  cannot  raii»e  any  doubtA  against  the  use  of  gun-<*ott«>n«^ 

•CS.  l^«»)  ^^Krj^ritn^nt^d  Pn^ifn  d^^monsiraU  thai  I^nk^t  (ru9^ 
OUion  M  fu4  ttjMpntafuowilyconJnuitihlr, — The  hittorj  of  gun-i^otton, 
ait  rhronicle<l  hy  ehernipts  and  artillerihti^  »liort  though  the  history 
U%  in  iM>  full  of  rec4>r<li«  of  explosion  under  unex]>ccted  cireum- 
»tan(*(*s,  that  an  unl>iase<l  mind  can  hanlly  fail  to  l>e  impn*»!ied 
with  the  bt*Iii'f  that,  amongst  the  tinlinary  c«»nditions  of  military 
pra4*tii*e,  there  may  lie  some  com[)etcnt  to  indu(*e  the  s]M>ntantH>us 
oomhuMicm  of  thi*  maternal.  XeverthelcMi,  the  experience  of 
Ilanm  I>*nk,  a4N|uire<l  during  a  ih'HimI  extending  over  more  than 
ten  years,  ii*  more  pn»<fnant  with  n»liable  tentimony  than  can  bo 
found  in  tlie  entin'  n^maining  history  of  this  material. 

**  Thr  man  ufaiiurr  nff/un-iyttton  •  w  Ilirt^ibtry  cipfunstji  of  a  n  um^ 
hrr  of  jtrft^iitj  hartnieM  oj*»  nit  urns  ;  and  it  is  nmiarkahlc  that, 
ct>ntrary  t«>  what  hiip|ienii  with  gim|Miwder,  if  fin*  l«  not  actually 
applies],  explosion  ii«  imfx^hle.  All  f»|*i*rations  are  no  arningt^ 
that  the  matcriiil  artcil  u|M)n  id  in  a  muif»t  or  wet  condition — 
hence  not  exph>*ivc.  Dryin;;  taki*^  plarv  in  a  cajHM'iouA  building, 
on  every  siilt«  o|N'n  to  the  air.  Tlie  la^t  pMoess  of  drj'ing  i*  car- 
ricxl  out  in  tlic  dr}  ing-<*hamlK*r,  where  it  in  effectofl  by  a  ito%'e 
situated  c»n  the  outi*i<)e,  distributing  iti«  heal  t4>  the  building  by 
earthenware  piiM*s— <]rying  iM'ing  thus  iu»ure<l  thn>ugh  a  gentle 
wanntlu  Tin*  gun-c«Hton  next  g«M«  cithrr  into  a  magazine  to  lie 
packed  away  in  cheats,  or  is  at  once  prt*)iare<l  for  ammunition. 
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In  this  magazine,  Hirtenberg  cotton  has  been  stored  for  a  period 
of  twelve  years,  and  not  a  single  instance  of  explosion  has  taken 
place.  How  many  powder-mills  hare  exploded  in  that  time? 
In  Prussia,  however,  a  drying-chamber  has  lately  blown  up. 
Your  Excellency  has  officially  been  informed,  that  in  Prussia  they 
have  worked  for  eight  years  with  gun-cotton,  and  not  a  single 
explosion  has  occurred  except  the  last-named.  In  the  Prussian 
drying-chamber  referred  to,  a  stove  with  iron  smoke-pipe  was 
used — a  sufficient  explanation  of  the  misfortune. 

"  During  twelve  years  we  have  prepared  gun-cotton  at  Hirten- 
berg for  ammunition — ^that  is,  for  yams,  spun  ropes,  and  threads 
twisted  and  woven.  One  single  case  of  explosion  has  occurred  in 
the  course  of  Baron  Lenk's  manufacture,  the  result  of  improper 
speed  of  working  the  spinning  machinery.  Now,  the  circum- 
stance hardly  need  be  insisted  on,  that  gunpowder  as  well  as  gun- 
cotton  can  be  exploded  by  friction.  Gun-cotton  has  been  used 
for  military  purposes  now  more  than  twelve  years ;  it  has  also 
been  employed  for  mining  and  blasting.  It  has  been  subjected 
to  every  variety  of  transport.  Packed  in  black  wooden  chests,  it 
has  been  exposed  to  sunshine  for  months  together — all  this  with- 
out one  single  accident.  In  the  face  of  such  testimony,  it  cannot 
be  said  that  gun-cotton  manifests  any  tendency  to  explode  spon- 
taneously." 

964.  (7)  ^'  Lieutenant  von  Karolyi's  analysis  of  the  gases  of 
combustion  of  Lenk's  gun-cotton,  which  he  made  in  the  Chemical 
Laboratory  of  the  Engineers'  Corps  Committee,  may  be  seen  in 
the  'Report  of  the  Imperial  Academy  of  Science,'  vol.  xlvii., 
Mathematical  and  Physical  Part,  p.  69,  and  is  given  in  Table 
145,  in  which  the  gases  of  combustion  of  powder  according  to 
Bunsen  {vide  Poggendorflf,  4th  series,  vol  xii.,  p.  131)  are  cited  in 
comparison  with  those  of  gun-cotton. 

''  If  we  compare  the  gases  of  gunpowder  with  those  of  gun- 
cotton,  we  easily  see  that  the  chemical  action  of  the  product  of 
combustion  of  gun-cotton  on  the  sides  of  the  barrel,  if  there  exists 
any  action  at  all,  must  be  smaller  than  with  the  use  of  gunpowder, 
because  they  are  less  oxidizing  gases  than  those  of  gunpowder. 
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Tabu  CXLV.— Analtsu  or  trb  Oiais  or  GmcpowDut  axd  Gch-Cottok. 


Ctases  of  Combustion. 

BoBieii. 

Karolyl. 

Yoliiiii«  p«r  eant. 

Sporting 
powder. 

Bifle 
powder. 

Ordnance 
powder 

Nitrogen                            N 

41.1 

35-3 

37.6 

ia.7 

Carbonic  acid                    CO|  ... 

51.7 

48.9 

42.7 

ao.8 

Carbonic  oxide                 CO 

3'9 

5. a 

IO*2 

29. 0 

Hydrogen                         H 

i.» 

6.9 

5-9 

3. a 

Sulphuretted  hydrogen     HS 

06 

0.67 

0.86 

Carbon          1-8 

Oxygen                              O 

0.5a 

Water         a5  •  37 

Light  carbnrctted  hydrogen 

3.0a 

a. 7 

?•* 

Should,  therefore,  bronze  barrels  be  'burnt  out'  by  the  use  of 
gun-cotton,  cast  steel  may  be  then  used  instead  of  bronze,  which, 
in  fact,  has  been  successfully  done.  Moreover,  bronze  gun-barrels 
have  withstood  a  sufficient  number  of  rounds  by  using  an  adequate 
charge  of  gun-cotton  with  elongated  cartridges.  In  this  way  no 
alteration  of  the  bore  prejudicial  to  the  correctness  of  aim  has 
taken  place.  From  the  steel  barrel  of  a  rifle,  forty  rounds  have 
been  fired  with  gun-cotton  cartridges,  which  have  hit  the  target 
300  yards  distant  in  an  unexceptionable  manner.  After  the  said 
number  of  rounds,  the  barrel  was  internally  as  clean  and  polished 
as  a  mirror.  It  appears,  then,  that  this  problem  is  solved  in  a 
general  and  satisfactory  manner." 

96S.  (8)  "  Application  of  Oun-coUon  to  Mining  Warfare. — 
Gun-cotton  is  also  used  for  mining  purposes  and  mining  warfare.. 
On  this  subject  nothing  but  what  is  favorable  has  been  reported 
by  the  Imperial  Engineers  {vide  Communications  of  the  R.  I. 
Engineers'  Committee,  1861,  vol.  i.,  by  Moritz  Baron  von  Ebner, 
Colonel  of  the  Engineers).  However,  it  is  said  that  the  gases  of 
gun-cotton  were  more  poisonous  in  mines  than  those  of  gunpowder, 
and  therefore  the  use  of  gun-cotton  for  mining  warfare  is  not  to  be 
recommended.     If  we  compare  the  result  of  Lieutenant  Karolyi's 
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analysis  of  the  combustion-gases  of  gun-cotton  with  those  of  gun- 
powder as  above  given,  we  observe  that  both  of  them  contain 
irrespirable  gases;  further,  that  they  contain  qualitatively  the 
same  sort  of  irrespirable  gases  ;  and  although  the  relative  quanti- 
ties of  some  of  the  gases  from  powder  and  gun-cotton  are  different, 
the  effect  of  those  gases  leads  to  the  same  practical  result,  viz., 
that,  after  blowing  up  a  mine,  one  cannot  without  danger  ap- 
proach the  spot  of  the  explosion  before  renewing  the  air  by  venti- 
lation. In  this  respect,  we  may  say  that  the  gases  of  gun-cotton 
will  be  more  quickly  removed  by  ventilation  than  those  of  gun- 
powder, because  the  first-named  contain  a  greater  quantity  of 
gases  easily  dissipated,  since  100  pounds  of  gunpowder  contains 
68  pounds  of  fixed  solid  matter,  which  alone  suffices  to  make 
respiration  almost  impossible.  It  is  not  probable  that  an  explo- 
sive compound  will  be  found  which  will  produce  any  other  but 
irrespirable  gases.  It  is  one  and  the  same  in  practice,  whether  a 
cellar  contains  40  per  cent,  of  carbonic  acid  and  10  per  cent. 
carbonic  oxide,  or  30  per  cent,  carbonic  oxide  and  20  per  cent, 
carbonic  acid,  inasmuch  as  no  one  could,  without  danger  of 
suffocation,  enter  such  a  cellar.  Both  the  gases  of  gun-cotton 
and  of  gunpowder,  according  to  Karolyi,  may  be  ignited  by  a 
match." 

966.  Gun-<7otton— Hannffaetnre  and  Experiments  In  Enf  • 
land.— Soon  after  the  meeting  of  the  B/itish  Association,  in 
1868,  where  the  facts  embodied  in  the  foregoing  report  were  first 
made  public,  the  manufacture  of  gun-cotton  was  commenced  at 
Stowmarket  by  Messrs.  Prentiss,  under  the  direction  of  Mr.  Eevy, 
the  partner  of  General  Lenk. 

The  first  order  for  gun-cotton  was  given  to  Messrs.  Prentiss  by 
the  author,  on  behalf  of  the  United  States  Navy  Department, 
which  has  long  been  aware  of  the  value  of  this  material,  and 
anxious  to  make  a  thorough  test  of  its  qualities.  The  trial  of 
this  gun-cotton  has  not  yet  been  completed. 

067t  The  first  gun-cotton  made  at  Stowmarket  was  subjected 
(Feb.  19,  1864)  to  the  following  trial,  which  was  witnessed  by  the 
writer ;  its  results  were  not  made  public  at  the  time : 
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A  palisade  was  formed  of  12  piles  of  green  English  poplar,  set 
in  a  trench  3  ft.  deep,  and  rammed  up  with  earth.  The  piles 
were  18  to  20  in.  diameter,  and  averaged  7  ft.  high.  A  12-in.  elm 
log,  14  ft.  long,  was  laid  at  the  foot  of  the  palisade,  and  a  21-in. 
poplar  log,  of  the  same  length,  was  laid  against  the  elm  log. 

A  12-in.  cylinder,  made  of  \  -in.  wrought-iron,  with  flat  heads, 
bolted  on,  and  containing  24  lbs.  of  gnn-cotton,  was  laid  on  the 
elm  log,  3  in.  removed  from  the  largest  (20-in.)  pile,  and  30  in. 
from  the  ground. 

A  gun-cotton  fuze  (a  gun-cotton  yarn,  enclosed  in  a  rubber 
tube),  was  laid  over  the  snow,  from  the  box  to  a  ditch  150  yards 
off,  and  lighted.  There  wa^  no  smoke,  and  no  visible  sign  of 
work,  except  the  disappearance  of  the  central  portion  of  the  pali- 
sade ;  but  the  report  was  like  that  of  a  heavy  rifled  gun. 


Fie.  423. 
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PaHBade  opened  by  26  lbs.  of  gnm-oottoD.    From  a  photograph. 

The  opening  made  in  the  palisade  was  8  ft.  2  in.  at  the  bottom, 
and  4  ft.  11  in.  at  the  top.  The  20-in.  pile  was  not  torn  down  nor 
broken  down,  nor  shattered  from  end  to  end ;  the  central  portion 
of  it  disappeared  altogether  /  the  top  end  was  thrown  twenty  feet 
to  the  rear ;  the  stump  was  bent  back  to  an  angle  of  45°.  The 
part  of  the  elm  log  upon  which  the  box  lay  also  disappeared. 
The  ends  were  moved  a  few  feet ;  the  inner  ends  looked  as  if  they 
had  been  chewed  oS.  The  21-in.  horizontal  log  was  thrown  25  ft. 
forward,  and  appeared  to  have  been  gnawed  half  in  two  in  the 
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middle.  The  earth  was  broken  and  driven  down  for  6  feet  around 
the  point  of  the  explosion.  The  piles  next  to  the  one  carried 
away  were  shattered  and  bent  back  and  sideways  to  an  angle  of 
about  20°. 

968.  The  peculiar  action  of  gun-cotton,  as  illustrated  by  this 
experiment,  is:  1st.  The  intensity  of  its  local  effect.  2d.  The 
small  range  of  its  action.  Another  well-established  fact  is,  that 
the  stronger  the  chamber  in  which  it  is  confined,  the  more  violent 
is  its  local  effect.  The  box  of  iV^^^-  iron,  with  flat  heads,  offered 
such  a  slight  resistance  to  increase  of  volume,  that  the  effect  on 
the  palisade,  complete  as  it  was,  afforded  no  measure  of  the  actual 
expansive  force  of  the  material. 

060.  On  July  23,  a  similar  experiment  was  made  at  Newcas- 
tle-on-Tyne,  in  presence  of  many  military  men  and  other  specta- 
tors.   The  results  are  shown  by  a  comparison  of  Figs.  424  and 

FlO.  424. 


Palisade  before  the  explosiua  of  a  25-lb.  box  of  gua-cotton.     From  a  photograph. 

425.  The  stockade  was  constructed  of  a  double  row  of  timber, 
the  first  consisting  of  6  balks,  each  10  ft.  long  by  12  to  14  in. 
square ;  the  timber  backing  being  formed  of  5  balks,  9  to  10  in. 
square.  These  balks  were  sunk  about  4  ft.  into  the  ground  and 
firmly  bedded.  Two  logs,  7  ft.  long  and  14  in.  square,  were  laid 
in  front  of  the  stockade.  The  timber  was  the  best  Memel.  The 
box,  or  shell,  was  16  in.  long  and  12  in.  in  diameter,  made  of  ^-in. 
iron,  and  containing  25  lbs.  of  gun-cotton.  The  shell  was  lighted 
by  electricity.     The  four  upright  timbers  nearest  it  were  blown 
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away  nearly  level  with  the  ground,  one  fragment  having  been 
thrown  130  yards.  One  of  the  horizontal  timbers  was  torn  to 
pieces ;  the  other  was  thrown  about  40  yards.  The  ground  under 
the  shell  was  sunk  about  6  inches.  The  fence  of  the  adjacent 
railway  was  broken,  but  no  part  of  it  was  removed ;  a  few  win- 
dows in  a  building  500  to  600  yards  off  were  broken. 

970.  Gun-cotton  is  now  regularly  employed  in  England  for 
mining  purposes,  and  is  largely  ordered  by  various  governments. 

07 1  •  IMatiire  and  Hechantcal  Application  of  Onn-Cotton. 
In  a  recent  paper  before  the  Boyal  Institution,  Mr.  Scott  Russell 
thus  clearly  set  forth  the  nature  and  action  of  gun-cotton,  under 
various  treatment,  and  the  manner  of  adapting  it  to  experimental 
and  to  mining  uses,  and  to  ordnance : 

*  *  *  "  The  lirst  form  which  General  Lenk  bestowed  on  gun- 
cotton  was  that  of  a  continuous  yam  or  spun  thread.  Gunpow- 
der is  carefully  made  into  round  grains  of  a  specific  size.  Gun- 
cotton  is  simply  a  long  thread  of  cotton  fibre,  systematically  spun 
into  a  yarn  of  given  weight  per  yard,  of  given  tension,  of  given 
specific  weight.  A  hank  of  a  given  length  is  reeled,  just  like  a 
hank  of  cotton  yarn  to  be  made  into  cloth,  and  in  this  state  gun- 
cotton  yarn  is  bought  and  sold  like  any  other  article  of  commerce. 

073.  "This  cotton  yarn,  converted  into  gun-cotton,  may  be 
called,  therefore,  the  raw  material  of  commerce.  In  this  form  it 
is  not  at  all  explosive,  in  the  common  sense  of  the  word.  Tou 
may  set  fire  to  a  hank  of  it,  and  it  will  bum  rapidly,  with  a  large 
flame ;  but  if  you  yourself  keep  out  of  reach  of  the  flame,  and 
keep  other  combustibles  beyond  reach,  no  harm  will  happen,  and 
no  explosion  or  concussion  will  result.  If  you  lay  a  long  thread 
of  it  round  your  garden  walk  at  night,  disposing  it  in  a  waving 
line,  with  large  balls  of  gun-cotton  thread  at  intervals,  and  light 
one  end  of  the  thread,  it  will  form  a  beautiful  firework,  the  slow 
lambent  flame  creeping  along  with  a  will-o'-th'-wisp-looking  light, 
only  with  a  measured  speed  of  6  in.  per  second,  or  30  ft.  a  minute ; 
the  wind  hastening  or  retarding  it,  as  it  blows  with  or  against  the 
line  of  the  thread.  This  is  the  best  way  to  commence  an  acquaiat- 
ance  with  this  interesting  agent.     *    *    * 
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973.  "The  second  form  of  gun-cotton  is  an  arrangement 
compounded  out  of  the  elementary  yam.  It  resembles  the  plaited 
cover  of  a  riding-whip :  it  is  plaited  round  a  core  or  centre, 
which  is  hollow.  In  this  form  it  is  match-line,  and,  although 
formed  merely  of  the  yam  plaited  into  a  roimd  hollow  cord,  this 
mechanical  arrangement  has  at  once  conferred  on  it  the  quality 
of  speed.  Instead  of  travelling  as  before  only  6  inches  a  second, 
it  now  travels  6  feet  a  second. 

974.  "  The  third  step  in  mechanical  arrangement  is  to  en- 
close this  cord  in  a  close  outer  skin  or  coating,  made  generally  of 
India-rubber  cloth,  and  in  this  shape  it  forms  a  kind  of  match- 
line,  that  will  carry  fire  at  a  speed  of  from  20  to  30  feet  per 
second.    *    *    * 

974  A.  "The  cartridge  of  a  common  rifle  in  gun-cotton  is  noth- 
ing more  than  a  piece  of  match-line  in  the  second  form,  enclosed 
in  a  stout  paper  tube,  to  prevent  it  being  rammed  down  like  pow- 
der. The  ramming  down,  which  is  essential  to  the  effective  ac- 
tion of  gunpowder,  is  fatal  to  that  of  gun-cotton.  To  get  useful 
work  out  of  a  gun-cotton  rifle,  the  shot  must  on  no  account  be 
rammed  down,  but  simply  transferred  to  its  place.  Air  left  in  a 
gunpowder  barrel  is  often  supposed  to  burst  the  gun ;  in  a  gun- 
cotton  barrel  it  only  mitigates  the  effect  of  the  charge.  The 
object  of  enclosing  the  gun-cotton  charge  in  a  hard  strong  paste- 
board cartridge  ia  to  keep  the  cotton  from  compression  and  give 
it  room  to  do  its  work. 

97tS.  "  It  is  a  fourth  discovery  of  General  Lenk,  that  to  ena- 
ble gun-cottom  to  perform  its  work  in  artillery  practice,  the  one 
thing  to  be  done  it  to  *  give  it  room.'  Don't  press  it  together — 
don't  cram  it  into  small  bulk  I  Give  it  as  least  as  much  room  as 
gunpowder  in  the  gun,  even  though  there  be  only  one-third  or 
one-fourth  of  the  quantity  (measured  by  weight).  One  pound  of 
gun-cotton  will  carry  a  shot  as  far  as  3  or  4  pounds  of  gunpow- 
der ;  but  that  pound  should  have  at  least  a  space  of  160  cubic 
inches  in  wliich  to  work. 

"  This  law  rules  the  practical  application  of  gun-cotton  to  ar- 
tillery. A  cartridge  must  not  be  compact,  it  must  be  spread  out 
53 
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or  expanded  to  the  full  room  it  requires.  For  this  purpoeey  a 
hollow  space  is  preserved  in  the  centre  of  the  cartridge  bj  some 
means  or  other.  The  best  means  is  to  nae  a  hollow  thin  wooden 
tube  to  form  a  core ;  this  tube  should  be  as  long  as  to  leave  a  suf- 
ficient ppace  behind  the  shot  for  the  gnn-cotton«  On  this  long 
core  the  Himple  cotton  jam  is  wound  round  like  thread  on  a  bob- 
bin, and  sufficiently  thick  to  fill  the  chamber  of  the  gun  ;  indeed, 
a  lady's  bobbin  of  cotton  thread  is  the  innocent  type  of  the  most 
destructive  power  of  modem  times— only  the  wood  in  the  bobbin 
must  be  small  in  quantity  in  proportion  to  the  gun-cotton  in 
charge.  There  is  no  other  precaution  requisite  except  to  dose 
the  whole  in  the  usual  flannel  bag. 

'*  The  artillerist  who  uses  gun-ootton  has  therefore  a  tolerably 
simple  task  to  perform  if  he  merely  wants  gun-cotton  to  do  the 
duty  of  gunpowder.  He  has  only  to  occupy  the  same  space  as 
the  gunpowder  with  one-fourth  of  the  weight  of  gun-cotton  made 
up  in  the  bobbin  as  described,  and  he  will  fire  the  same  shot  at 
the  same  speed.  This  is  speaking  in  a  general  way,  for  it  may 
require  in  some  guns  as  much  as  one-third  of  the  weight  of  gun- 
powder and  eleven-tenths  the  bulk  of  charge  to  do  the  same  work ;  a 
little  experience  will  set  the  exact  point,  and  greater  experience 
may  enable  the  gun-cotton  to  exceed  the  performance  of  the  gun- 
powder in  every  way. 

976.  ^'  The  fifth  principle  in  the  use  of  gun-cotton  is  that  in- 
volved in  its  application  to  bursting  uses.  The  miner  wants  the 
stratum  of  coal  torn  from  its  bed,  or  the  fragment  of  ore  riven 
from  its  lair ;  the  civil  engineer  wishes  to  remove  a  mountain  of 
stone  out  of  the  way  of  a  locomotive  engine ;  and  the  military 
engineer  to  drive  his  way  into  the  fortress  of  an  enemy,  or  to 
destroy  the  obstacles  purposely  laid  in  his  way.  This  is  a  new 
phase  of  duty  for  gun-cotton — it  is  the  work  of  direct  destruction. 
In  artillery  you  do  not  want  to  destroy  directly,  but  indirectly. 
You  don't  want  to  burst  your  gun,  nor  even  to  injure  it :  and,  we 
have  seen,  in  order  to  secure  this,  you  have  only  to  give  it  room. 

"  The  fifth  principle,  therefore,  is,  to  make  it  destructive — ^to 
cause  it  to  shatter  every  thing  to  pieces  which  it  touches,  and  for 


Gun-Cotton.  835 

tliis  purpose  you  have  only  to  deprive  it  of  room.  Give  it  room, 
and  it  is  obedient ;  imprison  it  and  it  rebels.  Shut  up  without 
room,  there  is  nothing  tough  enough  or  strong  enough  to  stand 
against  it. 

"  To  carry  this  into  effect,  the  densest  kind  of  gun-cotton  must 
be  used.  It  must  no  longer  consist  of  fine  threads  or  hollow  tex- 
tures wound  on  roomy  cores.  All  you  have  to  do  is  to  make  it 
dense,  solid,  hard.  Twist  it,  squeeze  it,  ram  it,  compress  it :  and 
insert  this  hard,  dense  cotton  rope  or  cylinder  or  cake  in  a  hole 
in  a  rock,  or  the  drift  of  a  tunnel,  or  the  bore  of  a  mine ;  close  it 
up  and  it  will  shatter  it  to  pieces.  In  a  recent  experiment,  6  oz. 
of  this  material,  set  to  work  in  a  tunnel,  not  only  brought  down 
masses  which  powder  had  failed  to  work,  but  shook  the  ground 
under  the  feet  of  the  engineers  in  a  way  never  done  by  the  heavi- 
est charges  of  powder.     ♦    ♦    * 

"  To  carry  out  this  principle  successfully,  you  have  to  carry  it 
even  to  the  extreme.  Ask  gun-cotton  to  separate  a  rock  already 
half-separated,  it  will  refuse  to  comply  with  your  request.  Give 
it  a  light  burden  of  earth  and  open  rock  to  lift,  it  will  fail.  If 
you  want  it  to  do  the  work,  you  must  invent  a  ruse — ^you  must 
make  believe  that  the  work  is  hard,  and  it  will  be  done.  Invent 
a  difficulty  and  put  it  between  the  cotton  and  its  too  easy  work, 
and  it  will  do  it.  The  device  is  amazingly  successful.  If  the 
cotton  have  work  to  do  that  is  light  and  easy,  you  provide  it  with 
a  strong  box,  which  is  hard  to  burst,  a  box  of  iron  for  example  ; 
enclose  a  small  charge,  that  would  be  harmless,  in  a  little  iron 
box,  and  then  place  the  box  in  the  hole  where  formerly  the  charge 
exploded  harmless,  and  in  the  effort  it  makes  to  burst  that  box, 
the  whole  of  the  light  work  will  disappear  before  it.     *    *    * 

977.  "  It  is,  therefore,  the  nature  of  gim-cotton  to  rise  to  the 
occasion  and  to  exert  force  exactly  in  proportion  to  the  obstacle 
it  encounters.  For  destructive  shells  this  quality  is  of  the  high- 
est value.  Tou  can  make  your  shell  so  strong  that  nothing  can 
resist  its  entrance,  and  when  arrived  at  its  destination  no  shell  can 
prevent  its  gun-cotton  charge  from  shivering  it  to  fragments. 

•78.  Mr.   ScoU  RuMell't  Theory  of  tbe  Explosion  of 
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Oan*CoUon. — ^^  In  conclusion,  I  may  be  asked  to  say  as  a  me- 
chanic what  I  think  can  be  the  nature  and  source  of  this  amazing 
power  of  gun-cotton.  In  reply  let  me  ask,  who  shall  say  what 
takes  place  in  that  pregnant  instant  of  time  when  a  spark  of  fire 
enters  the  charge,  and  one  hundredth  part  of  a  second  of  time 
suffices  to  set  millions  of  material  atoms  loose  from  fast  ties  of 
former  affinity,  and  leaves  them  free  every  one  to  elect  his  mate, 
and  uniting  in  a  new  bond  of  affinity,  to  come  out  of  that  cham- 
ber a  series  of  new-bom  substances  ?  Who  shall  tell  me  all  that 
happens  then  ?  I  will  not  dare  to  describe  the  phenomena  of  that 
pregnant  instant.  But  I  will  say  this,  that  it  is  an  instant  of  in- 
tense heat — one  of  its  new-bom  children  is  a  large  volume  of 
steam  and  water.  When  that  intense  heat  and  that  red-hot  steam 
were  united  in  the  chamber  of  that  gun  and  that  mine,  two  pow- 
ers were  met,  whose  union  no  matter  yet  contrived  has  been  strong 
enough  to  compress  and  confine.  When  I  say  that  a  gun-cotton 
gun  is  a  steam-gun,  and  when  I  say  that  at  that  instant  of  intense 
heat  the  atoms  of  water  and  the  atoms  of  fire  are  in  contact, 
atom  to  atom,  it  is  hard  to  believe  that  it  should  not  give  rise  to 
an  explosion  infinitely  stronger  than  any  case  of  the  generation 
of  steam  by  filtering  the  heat  leisurely  through  the  metal  skins 
of  any  high-pressure  boiler." 

979.  The  same  subject  was  thus  referred  to  by  Mr.  Scott  Russell 
before  the  British  Association  in  1863 : — "How  was  it  that  in  gun- 
powder and  in  gun-cotton  where  there  were  equal  quantities  of 
gas  put  in,  the  gas  in  the  case  of  gunpowder  was  raised  to  an 
enormously  high  temperature,  and  came  out  at  an  enormously 
high  pressure,  showing  that  they  had  gas  enormously  •  expanded 
by  heat ;  whereas  in  the  case  of  gun-cotton  the  gas  came  out  quite 
cool,  BO  that  you  might  put  your  hand  upon  it,  and  the  gun  itself 
was  quite  cool?  He  (Mr.  Russell)  had  a  theory.  Steam  was  a 
gas,  and  steam  expanded  just  by  the  same  laws  as  other  gases  did. 
A  great  deal  of  the  gas  of  gun-cotton  happened  to  be  steam.  Let 
them  conceive  100  lbs.  of  gun-cotton  shut  up  in  a  chamber  that 
just  held  it.  They  had  got  there  all  the  gases  that  had  been 
spoken  of,  but  they  had  also  got  25  lbs.  of  solid  water — about  one- 
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third  of  a  cubic  foot  of  water — in  that  chamber.  What  did  they 
do  with  it?  They  put  fuel,  they  put  fire  to  it.  They  heated  the 
whole  remaining  pounds  of  patent  fuel.  If,  then,  they  considered 
the  gun-cotton  gun  as  the  steam-gun,  they  got  rid  of  two  difficul- 
ties. They  would  have,  first,  the  enormous  elasticity  of  steam ; 
and  secondly,  they  would  get  the  coolness  of  it.  They  all  knew 
that  if  they  put  their  hand  to  expanded  high-pressure  steam,  it 
had  swallowed  up  all  the  heat  and  came  out  quite  cool.  He 
believed  that  the  gun-cotton  gun  was  neither  more  nor  less  than 
Perkins's  old  steam-gun  with  only  this  difference,  that  you  bottled 
up  the  fuel  and  water,  and  let  them  fight  it  out  with  each  other. 
They  did  their  work  and  came  out  quite  cool.  He  hoped,  how- 
ever, that  it  was  understood  that  he  did  not  dogmatize.  He  put 
all  he  had  said  with  a  note  of  interrogation  upon  it." 
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980.  **  Cannons  of  Cast  Iron,  nitb  EuTelope  of  UTronffht 
Iron. — What  we  have  called  to  mind,  shows  sufficiently  how 
satisfactory  the  employment  of  cannons  of  cast  iron  would  be  for 
the  service  of  land  artillery,  if  in  addition  to  the  considerable 
economy  which  would  result  from  it,  and  the  extreme  resistance 
which  these  pieces  of  ordnance  would  offer  to  the  blows  of 
bullets,  one  could  render  them  perfectly  sure  in  firing. 

"But  as  long  as  this  last  condition  shall  not  be  fulfilled ;  as 
long  as  cannons  of  cast  iron  shall  be  subject  to  burst  unexpectedly 
into  fragments,  considerations  of  humanity  joined  to  military 
considerations,  impose  the  law  of  rejecting  from  our  materitl 
engines  exposing  the  life  of  our  own  soldiers  to  constant  dangers, 

♦  "Application  of  Iron  to  Artillery  Constructional"  by  A.  Thieiy,  Chief  of  Squadron. 
Paris,  1834  and  1840. 


of  a  pie<*o  of  ordnance  of  which  it  constitutes  the  interior.  This 
metal  having  but  very  little  elasticity,  n^fe^iHU  tlie  exphn^iDii  of  the 
powder  principally  by  virtue  of  its  resistance  t4i  exteiiHi4>n ;  this 
n*sij4taii(*e  on(*e  overcome,  the  east  iron  would  not  evidently  find 
any  ai«n!Htanc*e  a^^nst  rupture  in  a  surrounding  IkkIv  more  elastic, 
and  which  yields  Ix^yond  the  limit  at  which  its  cohc^i<)n  is  dc^ 
Btroycnl.  All  tliat  one  c^an  hoi>e  for  from  an  elastic  envdoiM*  (*oni- 
presriin;:  tlie  cast  iron,  is  that  it  aupnents  liy  tlio  c*<impn*M%ion  the 
resihtaiKC  to  extcnsitm  of  this  hanl,  rigid,  brittle  metal,  but  not 
tliat  it  Bh(»uld  cause  it  to  participate  in  elastic  proi)ertit>  which 
are  not  in  its  nature. 

**TlM»^e  <N»nsiderations  ap{M*ar  to  us  to  haveU^en  lost  from  view 
in  the  trial,  made  in  1S29,  of  the  cannon  of  bronre  with  a  ImmIv  of 
cant  in»n.  Tlie  body  of  cast  in>n  C4»ni«iMe<l  (»f  a  sleeve  of  a  thick- 
ness so  hmall  that  one  <Hmld  not  ex]K*(*t  from  it  any  resh^tanct^ 
apiinst  tlie  exjmiisivo  fon*e  of  the  powder.  It  sliould  then  have 
lMH*n  ncri*^<«ju'T,  to  sustain  the  stn*ss  of  firin*?,  that  tliis  frail  tulie 
of  «'iii*t  inm  uliould  rtH-rive  from  the  surrounding  bronre  an  extra- 
onlinur}'  ]M»wcr,  and  oned<H*s  not  M^e  how  this  phenomenon  would 
po?K«iMy  have  Im^cu  circ<-te<l,  as  the  cast  iron,  ininiergc<l  in  the 
mehiNl  bn»niu\  i^liMuld  have  ft»lIow(^l  the  expansi4>n  (by  lH*at);  and 
that  the  o]H»ration  of  c^Miling  hhould  annul  tlie  eff<H*t  of  the  <*om- 
prc!y^i<in  wliiJi  should  have  rt*fiulte<l  fW>m  the  diffcren<*<*  in  the 
contra«ti«»n«»  of  thcM*  two  metals. • 

**Tliu«»  it  wii»  not  nc<-c>%**ary  to  wait  lf»ng  for  the  rupture  of  these 
tulNi«  of  t:i*>t  in»ri.  After  some  sliots,  they  sjdity  and  did  not  {kt- 
mit  furtlitT  firing  without  danger. 

•nS,  "  Hy  employing  for  the  cnteh>j>e,  wrought  iron,  in  pliM-e 
«.|  bn»ii/t\  thr  chance's  of  »u(*ct*Mi  are  alt4>gcther  otherwiM* ;  no: 
(itily  U-^  Aum)  the  wnHight   in>n    has   a   tenacMty   double   thst  of 

*  "  TIh*  \Ty^mr  <iiUuU(«  ct  cm(  Imo,  «Tfi«i|;Kt  r««.  Aod  coppvr,  far  an  i:.u<rTaJ  c/ 
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and  the  explosions  of  which,  at  the  decisive  moments  of  combats, 
would  compromise  the  success  of  our  arms. 

"  However,  the  insufficiency  of  the  duration  of  bronze  cannons 
for  the  service  of  the  attack  and  defence  of  places,  demands 
equally  artillery  to  seek,  by  all  means  possible,  to  put  itself  in 
possession  of  pieces  of  ordnance  less  imperfect  than  those  which 
it  is  reduced  to  make  use  of. 

^'  To  attain  the  solution  of  this  problem,  we  have  thoughjb  that 
the  combination  of  wrought  iron,  and  cast  iron,  which  has  con- 
tributed so  much  to  the  power  of  steam-engines,  could  also  present 
happy  results  in  the  construction  of  cannon. 

081.  *^It  is  in  this  view  that  we  have  proposed  the  trial 
of  a  cannon  of  cast  iron,  with  envelope  of  wrought  iron,  adding 
to  the  resistance  of  the  piece  of  ordnance,  and  preserving  in  ex- 
plosions firom  the  danger  of  fragments. 

"  We  have  seen  that  the  opinion  of  Monge  was  pronounced  in 
favor  of  wrought  iron,  and  that  the  difficulty  of  execution  was  in 
the  eyes  of  this  celebrated  scholar  the  only  cause  which  should 
cause  the  rejection  of  the  employment  of  this  metal  in  the  manu- 
facture of  ordnance.  The  progress  made  since  the  time  of  Monge, 
in  the  art  of  forging  iron,  has,  without  doubt,  diminished  these 
difficulties,  but  they  are  not  sufficiently  removed  by  any  practice 
in  this  kind  of  construction.  Nevertheless,  while  admitting  the 
possibility  of  success,  one  should  bear  in  mind  that  cannons  of 
wrought  iron,  superior  in  tenacity  to  those  in  bronze,  would,  in 
respect  of  durability,  be  very  inferior  to  cannons  of  cast  iron, 
much  more  costly,  and  much  more  subject  than  these  last  to  be 
damaged  by  oxidation  and  the  blows  of  bullets. 

^^  Since  cast  iron  is  perfectly  satisfactory  against  the  blows  of 
projectiles;  against  the  effects  of  oxidation;  and  that  it  has,  in 
addition,  the  advantage  of  being  easily  produced,  and  at  a  cheap 
rate,  in  all  the  forms  desirable,  it  is  natural  to  form  of  it  the  bore 
of  cannons,  and  to  make  this  metal  enter  into  the  composition  of 
pieces  of  ordnance  in  as  great  a  proportion  as  can  comport  with 
security  in  firing. 

983.  "  A  peremptory  reason  imposes,  on  another  account,  the 
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bronze,  but  because  the  hooping  of  wrought  iron  can  be  effected 
mechanically  in  such  manner  as  to  consolidate  the  system  much 
more  than  the  causing  of  the  metals  to  adhere  only  by  the  opera- 
tion of  fusion. 

084.  "  The  means  which  naturally  first  offer  for  hooping  a 
cannon  of  cast  iron  with  wrought  iron,  would  be  to  cover  it  with 
a  series  of  hoops  placed  upon  it  while  hot,  side  by  side,  and  which 
would  thus  adhere  to  this  piece  of  ordnance  with  the  whole  force 
of  the  contraction — a  force  which  might  become  excessive  by 
carrying  the  temperature  of  the  hoop  of  wrought  iron  to  a 
very  high  degree.  But  on  the  one  part,  this  process  would  not 
permit  the  clothing  of  the  cannon  at  the  space  of  the  trunnions; 
and  on  the  other,  would  not  secure  completely  against  the  dangers 
of  fragments,  even  in  the  hooped  parts. 

08tS.  "  The  examination  of  a  great  number  of  fragments  of 
guns  of  cast  iron  burst  in  the  proof  at  the  Royal  Foundry  at  Nevers, 
has  convinced  us  that  these  guns  could  explode  in  the  whole  ex- 
tent of  their  bore,  and  that  a  series  of  hoops  placed  side  by  side, 
which  were  not  bound  to  each  other  by  any  thing,  would  only 
present  incomplete  pledges  of  security  in  firing. 

"The  greater  portion  of  guns  break  at  the  position  of  the 
charge.  In  this  case,  the  rupture  takes  place  generally  following 
two  or  three  planes,  passing  through  the  vent,  forming  with  the 
axis  an  angle  approaching  a  right  angle.  The  fragments,  then, 
are  composed  of  the  breech,  projected  behind  to  the  right  or  to 
the  left  according  to  the  inclination  of  the  planes  of  rupture,  and 
of  some  fragments  of  the  first  reinforce  thrown  out  laterally. 

"  In  this  circumstance,  it  is  evident  that  hoops  placed  side  by 
side  would  be  of  little  preservative  effect.  The  breech,  torn  off 
from  the  body  of  the  cannon,  would  not  the  less  be  projected  in 
the  rear,  and  the  hoops,  detached  by  reason  of  this  violent  rup- 
ture, would  add  probably  to  the  number  of  fragments. 

"  Although  the  ruptures  generally  take  place  at  the  position  of 
the  charge,  there  are  not  the  less  examples  of  their  being  seen  to 
take  effect  upon  every  other  part  of  the  bore  chamber.  The  suc- 
cessive burning  of  the  powder  carries  the  most  violent  explosion  of 
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the  charge  in  advance  of  the  bottom  of  the  bore.  The  adhesion  of 
the  projectiles  to  the  sides  of  the  bore,  an  adhesion  which  can 
occur  from  the  distortion  of  these  projectiles  or  the  presence  of  a 
foreign  body — ^in  fine,  the  defects  of  mannfacture,  are  causes  which 
explain  sufficiently  the  possibility  of  these  ruptures. 

^^  After  these  facts,  it  has  appeared  to  us  that  in  order  that  an 
envelope  of  wrought  iron  should  accomplish  efficaciously  the  end 
which  we  principally  propose,  that  of  becoming  a  preservative 
against  fragments,  it  is  necessary  that  it  shall  extend  throughout 
the  entire  length  of  the  pieces  of  ordnance,  that  it  shall  adhere 
perfectly  to  them,  and  shall  itself  form  but  a  single  and  one  body, 
all  the  parts  of  which  become  solid  from  the  resistance. 

086.  "  In  consequence,*  we  have  conceived  the  idea  of  com- 
posing our  envelope  of  wrought  iron  immediately  upon  an  arma- 
ture of  longitudinal  bars  of  the  length  of  the  cannon,  and  having 
spaces  between  them  of  about  twenty  centimetres.  It  is  iii  this 
armature  that  we  have  cast  the  truncated  cone  of  cast  iron  in 
which  the  bore  has  been  bored. 

"By  previously  raising  the  temperature  of  the  armature  of 
wrought  iron,  and  by  means  of  some  very  simple  arrangements  for 
executing  the  matter,  the  operation  of  casting  the  cast  iron  within 
the  longitudinal  bars  of  wrought  iron,  has  been  accomplished  with- 
out any  difficulty.  The  truncated  cone  of  cast  and  wrought  iron 
wliich  resulted  from  it,  has  not  shown  any  blow  holes ;  the  bars, 
kept  in  place  by  some  hoops  of  wrought  iron,  have  been  immerged 
in  the  cast  iron ;  the  fusible  portions  contained  in  these  bars  have 
become  united  to  the  cast  iron,  and  the  welding  has  been  inti- 
mately effected  between  all  the  parts  constituting  this  base  of  the 
cannon  of  wrought  and  cast  iron. 

"  The  bars  of  wrought  iron  have  become  steeled  at  their  sur- 
faces, but  have  preserved  their  fibre  in  the  interior.  The  cast  iron 
compressed  in  the  wrought  iron  is  solidified  into  fine  compact 
homogeneous  grains,  presenting  the  appearance  of  the  hard  rolls 
cast  in  chills.  We  hope  that  its  resistance  has  been  increased. 
•87,  "  It  is  upon  this  truncated  cone  of  cast  and  wrought  iron 

♦  See  Fig.  426. 
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that  we  have  effected  the  hooping  by  hoops  placed  over  it  at  a 
welding  red.  Mcks  made  at  various  distances  in  the  longitudinal 
bars,  and  in  the  cast  iron,  have  secored  the  connection  of  the  system. 

"  The  hoop  carrying  the  trunnions  has  been  formed  of  two 
parts,  in  each  of  which  the  trunnions  have  been  previously  raised. 
This  piece  has  been  executed  at  an  ordinary  forge,  without 
presenting  great  difficulties.  The  trmmions  were  turned  before 
placing  the  hoop.  In  a  manufacture  on  a  large  scale,  the  ring 
carrying  the  trunnions  would  not  require  a  costly  labor.  It  can- 
not be  considered  an  obstacle  to  the  production  of  a  complete 
envelope  of  wrought  iron. 

"  The  hoop  of  the  trunnions  having  been  put  in  place,  the  hoop- 
ing of  the  chase  has  been  continued,  taking  care  to  bind  the  hoops 
always  to  the  longitudinal  bars  by  the  nicks. 

^'  By  means  of  these  arrangements,  one  should  believe  there 
should  be  no  more  danger  of  dreading  fragments  of  such  a  gun 
when  exploding. 

988,  "  In  fact,  if  it  be  at  the  position  of  the  charge  that  the 
rupture  takes  place,  in  order  that  the  breech  may  be  projected  in 
the  rear  it  is  necessary  that  the  bars  forming  the  longitudinal 
armature  should  break  all  at  a  time,  or  should  be  torn  from  the 
cast  iron  in  which  they  are  welded  and  maintained  by  the  pressure 
of  the  series  of  hoops  placed  when  hot. 

^^  In  order  that  the  gun  should  open  at  any  part  of  the  bore,  it 
would  be  necessary,  first,  that  many  rings  should  be  broken ;  and 
in  order  that  fragments  should  be  projected  through  the  opening, 
it  would  be  necessary  for  the  longitudinal  bars  to  break  at  the 
same  time. 

"  The  effort  necessary  to  produce,  suddenly,  similar  tearings 
away  of  the  wrought  iron  at  the  same  time  as  the  explosion  of  the 
cast-iron,  is  beyond  calculation.*     There  is  no  doubt  that  long 

*  "In  our  S-pound  cannon  there  are  twelve  longitudinal  bars  of  50-16  millimetres, 
(about  two  in.)  the  combined  resistanoe  of  which  may  be  estimated  at  300000  kilo- 
grammes (about  600000  pounds).  The  rings  are  36  in  number,  of  60-30  millimetres, 
(about  two  In.).  Reducing,  by  reason  of  the  welding,  their  resistance  to  20  kilo- 
grammes per  square  millimetre  of  transverse  section,  one  finds  for  each  of  them  a 
power  of  30000  kilogrammes  (about  60000  pounds)." 
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would  have  to  reduce  the  cast  iron  and  the  wrought  iron  to  pro- 
portions so  low,  that,  giving  way  in  the  firing,  dne  would  not  be 
able  to  come  to  anj  conclusion  as  to  the  application  to  large  cali- 
bres which  it  is,  above  all,  necessary  to  improve. 

"  If  the  proofs  made  upon  our  eight-pound  cannon,  having  the 
thickness  of  bronze  in  cast  iron  and  overlaid  with  wrought  iron, 
succeed,  one  could  conclude  upon  the  possibility  of  manufacturing 
in  this  way  without  a  notable  increase  of  weight,  cannons  of  large 
calibres  having  the  same  dimensions  and  length  as  those  of 
broHze. 

991.  ^^If,  after  a  prolonged  firing,  one  should  recognize  in 
this  eight-pound  cannon  an  excess  of  strength,  it  should  be  bored 
to  a  12-pounder,  and  if  it  resisted  sufficiently  after  this  reduc- 
tion of  weight,  the  system  would  be  applicable  to  field  artillery. 

•'  The  piece  for  the  trunnions,  of  wrought  iron,  should  not,  we 
repeat,  be  the  subject  of  an  objection  to  the  adoption  of  cannon 
of  cast  iron  with  an  envelope  of  wrought  iron,  because  nothing 
hinders  the  limitation  of  this  envelope  to  the  first  reinforce,  leav- 
ing the  trunnions  and  f  jr'»yard  part,  in  which  explosions  are  rare 
and  less  formidable,  of  cast  iron ;  this  forward  portion  might,  on 
the  other  hand,  be  equally  hooped. 

993.  "  This  system  would  be  to  our  eyes  less  complete,  and  it 
appears  to  us  that  the  difficulty  of  manufacturing  the  trunnions 
of  wrought  iron  being  once  removed,  the  adoption  of  a  ring  carry- 
ing these  trunions  presents  a  very  positive  advantage.  With  this 
ring,  the  existence  of  the  piece  of  ordnance  is  no  longer  depend- 
ent upon  the  feeblest  part  of  it;  a  trunnion  of  wrought  iron 
would  probably  never  break ;  but  admitting  that  it  should  be 
broken,  one  could  replace  it  with  another  by  detaching  the  hoops 
of  the  chase. 

993.  ^^  The  manufacture  of  pieces  of  ordnance  of  cast  iron, 
with  an  envelope  of  wrought  iron,  although  less  economical  than 
that  of  cannons  of  cast  iron,  would  be  infinitely  less  costly  than 
that  of  guns  of  bronze.  One  could  estimate  that  in  a  manufac- 
ture on  a  large  scale  they  would  amount  to  one-fourth  of  the 
value  of  these  last. 
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^^  The  production  of  these  cannons  would  be  at  the  same  time 
easy  and  rapid^  because  it  would  reduce  the  moulding  to  some 
very  simple  operations." 


THT^RT. 

004,  Gaimoiu  off  Cast  Iron  with  EnTelope  of  ^Wrought 
Iron. — (Pages  137  to  146,  published  in  1840.^— After  mentioning 
the  armament  needed  for  France,  M.  Thi6ry  says :  "  If  the  experi- 
ments which  we  have  stated,  should  have  for  their  consequence 
the  rejection  of  cannons  of  cast  iron  from  all  the  services,  one 
perceives  to  what  enormous  sacrifices  the  treasury  would  be  con- 
demned, since  the  expense  of  the  wanting  (21136176)  would  be 
increased  from  the  difference  between  the  price  of  bronze  and 
that  of  cast  iron,  for  all  the  pieces  of  ordnance  which  we  have 
thus  far  permitted  to  be  of  iron. 

"  But,  as  we  have  proposed,  we  think  that  we  should  not  yet 
despair  of  the  solution  of  the  question  of  cannons  of  iron,  and  that 
this  solution  would  be  easily  obtained,  if,  in  place  of  limiting  our- 
selves to  the  exclusive  employment  of  cast  iron,  we  should  have 
recourse  to  the  combination  of  cast  iron  and  wrought  iron. 

09«S.  "  Already  we  have  constructed  in  1833,  with  complete 
SUCC3SS  as  to  execution,  a  trial  cannon  upon  the  basis  of  this 
proposition. 

"Putting  to  a  profitable  use  the  rigidity  of  cast  iron  to 
constitute  the  bore  of  the  piece  of  ordnance,  the  elasticity  of 
wrought  iron  to  surround  it  witli  an  envelope  as  a  preservative 
against  explosions,  we  have  cast  the  interior  of  the  gun  of  cast 
iron  immediately  within  a  longitudinal  armature  of  wrought 
iron,  binding  togetlier  all  the  parts  in  the  direction  of  the  length ; 
then  we  have  afterwards  hooped  it  transversely  with  hoops  of 
^vTouglit  iron,  put  in  place  while  hot,  and  adhering  by  tlie 
contraction. 

"  We  have  set  forth  in  the  first  part  of  the  applications  op 
iBON  TO  THE  OONSTBUCTION  OF  ABTiLLEBY,  the  facts  of  experience 
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whicli  brought  us  to  test  this  trial ;  we  will  here  mention  some 
of  them : 

006.  ^'  Some  pipes  for  carrying  water,  put  up  in  the  foundry 
of  Fourchambault,  not  having  borne  the  receiving  proof  at  the 
hydraulic  press,  they  conceived  the  idea,  in  order  to  make  them 
useful,  of  hooping  them  with  hoops  of  wrought  iron  placed  while 
hot  over  their  fissures  and  compressing  them  by  the  contraction. 
The  results  surpassed  their  expectations.  These  pipes  showed  a 
resistance  to  every  proof,  and  when  they  wished  to  destroy  them 
in  order  to  remelt  them,  the  means  used  in  parallel  cases  were 
not  suflSdently  powerful ;  they  had  to  have  recourse  to  powerful 
sledge-hammers,  and  the  rings  of  wrought  iron  adhered  so 
strongly  to  the  cast  iron,  that  it  was  necessary  to  break  them  to 
withdraw  the  metal  from  them. 

"  A  hoop  of  cast  iron,  constructed  for  iron  wheels,  having  been 
covered  with  a  hoop  of  wrought  iron,  placed  while  hot  and 
adhering  by  the  contraction,  showed  an  analogous  resistance. 
Before  this  juncture,  a  few  blows  of  hammers  were  sufficient  to 
cause  the  hoop  of  cast  iron  to  fly  into  fragments ;  compressed  in 
the  hoop  of  wrought  iron,  it  was  necessary  to  make  long 
exertions  with  a  heavy' sledge-hammer;  the  two  hoops  changed 
shape  together  before  the  cast  iron  broke,  and  the  fragments  of 
cast  iron  remained  contained  in  the  envelope  of  wrought  iron. 

997,  "  These  examples,  and  some  others  which  it  would  take 
too  long  to  enumerate,  conducted  us  to  seeking  whether  a  hoop- 
ing of  wrought  iron  would  not  add  to  the  resistance  of  cylinders 
of  cast  iron  against  the  explosion  of  powder ;  we  consequently 
covered  with  hoops  of  a  thickness  of  ten  millimetres,  (about  ^  of 
an  inch),  wheel-boxes,  the  sides  of  which  had  been  thinned  an 
equal  amount.  The  boxes  which  burst  into  fragments  before  this 
operation  under  a  charge  of  0  K.  "75  (1*65  pounds),  showed 
themselves,  with  the  assistance  of  the  hooping  of  wrought  iron, 
inexplodable  under  the  strongest  chaises  which  they  could  con- 
tain, 1  K.  -35  (2-97  pounds),  and  whatever  was  the  mode  of 
wadding  employed  to  effect  their  rupture. 

998.  "We  will  add  to  these  facts  the  one,  not  the  less  stri- 
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king,  of  the  body  of  cast  iron  hooped  with  wrought  iron,  adopted 
recently  in  the  ballistic  pendulum  at  Metz.  The  bodies  made 
simply  of  cast  iron  broke  under  the  first  blows ;  those  of  bronze 
cost  10000  francs;  they  conceived  the  idea  of  hooping  with 
wrought  iron,  bodies  of  cast  iron,  and  they  showed  themselves 
indestructible  against  the  repeated  shocks  of  bullet  fired  with  the 
strongest  charges. 

909.  "  Finally,  in  Belgium,  the  mortars  of  O"  .60  (24  inches), 
designed  to  project  bombs  weighing  500  kil.  (about  1100  pounds), 
having  exploded  after  a  small  number  of  shots,  before  thick- 
ening their  walls  and  thus  augmenting  beyond  measure  tlieir 
abready  very  considerable  weiglit,  they  tried  if  they  could  not 
consolidate  them  sufBciently  by  enveloping  them  with  some 
hoops  of  wrought  iron ;  the  success  was  so  complete  that  three 
hoops  sufiiced;  they  limited  themselves  to  placing  one  at  the 
muzzle,  the  other  at  the  middle,  and  the  third  at  the  position  of 
the  charge. 

1000,  "Upon  examining  the  circumstances  which  had  ac- 
companied the  bursting  of  cannons  proved  in  1837  at  Lafere,  we 
perceived,  as  we  had  already  done  while  studying  the  fragments 
of  a  great  number  of  guns  burst  at  the  naval  foundry  at  Nevers, 
that  the  rupture  commonly  takes  place  following  planes  passing 
tlirongh  the  vent,  and  that  the  fragments  are  projected  in  the 
rear  and  laterally,  following  the  inclination  of  these  planes  with 
respect  to  the  axis  of  the  piece  of  ordnance. 

"  Hoops  of  wrought  iron  placed  transversely  upon  the  reinforce 
would  prevent  lateral  explosions;  but  it  happens  sufficiently 
often  that  the  rupture  taking  effect  through  many  planes,  cutting 
through  the  vent,  the  breech  is  found  separated  and  projected  in 
the  rear. 

^^In  this  case  it  should  be  feared  that  the  transverse  hoops, 
torn  away  with  the  breech,  would  be  dispersed,  and  would  add 
themselves  to  the  number  of  fragments. 

1001,  "In  order  to  obviate  this  defect,  in  order  that  under 
all  circumstances  the  fragments  of  the  burst  gun  should  remain 
together  and  contained*  in  the  envelope  of  wrought  iron,  it  is 
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evidently  necessary  that  all  the  parts  of  this  envelope  should  be 
bound  together  with  suflScient  strength  to  resist  rupture  in  the 
longitudinal  direction.  In  consequence,  we  have  conceived  the 
plan  of  composing  the  wrought-iron  envelope : 

''  1st.  Of  a  longitudinal  armature  extend- 
ing from  the  platband  of  the  breech  to 
O"  .12  centimetres  (about  4*8  inches),  be- 
yond the  trunnions. 

"  2d.  Of  transverse  hoops,  placed  side  by 
side,  from  the  trunnions  to  the  platband  of 
the  breech  formed  by  the  last  of  them. 

1003.  ^^UU  L4mffitadiiial  Armature. 
— Plate  VI. — This  armature  is  composed 
of  twelve  bars  of  wrought  iron  A,  A,  A, 
etc.  (Fig.  1),  having  O"  .66  (almost  1-2 
inches)  in  breadth  O^.OS  (about  1*2  inches) 
in  thickness.* 

"  The  bars  have  the  length  necessary  to 
extend  from  the  extremity  of  the  breech  to 
12  centimetres  (about  4*8  inches)  beyond 
the  trunnions,  with  the  exception  of  the 
two  bars  placed  below  the  trunnions,  which 
are  shortened  in  such  manner  as  to  permit 
the  cast  iron  to  pass  which  should  form 
them. 

"  The  bars  are  arranged  parallel  to  each 
other  O"  .06  (about  2*4  in.)  apart,  in  such 
manner  as  to  form  the  bars  of  a  cylinder, 
presenting  at  its  exterior  surface  as  many 
solid  parts  as  spaces,  and  having  for  tlie 
24-pound  cannon  O"  .48  (about  9*2  in.) 
exterior  diameter.  The  exterior  part  of  the 
bars  is  rounded,  so  as  to  coincide  with  the  exterior  surface  of  the 
cylinder  of  which  they  make  part.     The  bars  are  secured  in  their 


Thi^ry's  hooped  gun.    1833. 


*  Fig.  426  is  reduced  fh>m  one  of  M.  Thierj^s  drawings,  and  sufficiently  illustrates 
his  plan. 
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podtion  by  means  of  straps  B  B,  B'  B',  B''  B'',  B'"  B"\  W"  B'''\ 
spaced  apart  O"  .25  (about  10  in.).  The  bars  are  held  against  the 
straps  by  draw-screws  c,  c,  c,  etc.  (Fig.  2). 

^*  These  arrangements  being  made,  the  apertures  of  the  cylinder 
at  the  openings  presented  by  the  longitudinal  armature,  are  closed 
by  means  of  bars  of  wood  and  wax,  in  such  manner  as  to  have  at 
the  exterior  a  solid  surface,  and  the  cylinder  thus  obtained  serves 
itself  as  the  pattern  for  the  lower  part  of  the  cannon.  This 
pattern  is  placed  in  the  flask  designed  to  contain  it ;  the  sand  is 
rammed  around  it ;  then  the  wax  is  melted  by  means  of  a  chafing- 
dish;  the  bars  are  removed.  The  longitudinal  armature  thus 
remains  placed  in  the  mould,  in  order  to  form  one  body  with  the 
cast  iron. 

"  The  other  parts  of  the  cannon  are  moulded  by  the  ordinary 
processes,  and  when  we  are  ready  to  cast  it,  we  lower  chafing- 
dishes  into  the  mould  so  as  to  raise  as  much  as  possible  the  tem- 
perature of  the  bars  of  wrought  iron  which  are  to  be  immersed  in 
the  cast  iron,  and  to  avoid  thereby  the  blow-holes  which  would 
result  from  the  contact  of  these  bars  at  the  ordinary  temperature 
with  the  iron  in  a  melted  state.*  By  means  of  these  precautions, 
we  have  obtained,  in  1833,  in  the  foundry  of  Fourchambault,  a 
cylinder  of  wrought  iron  and  cast  iron  perfectly  well  formed. 
The  bars  sustained  by  the  wrought-irou  straps,  a,  have  been  fitted 
into  the  cast  iron,  their  exterior  portions  entering  into  fusion,  have 
effected  a  welding,  uniting  intimately  together  all  the  parts  con- 
stituting the  exterior  surface  of  the  cylinder.  Upon  cutting  one 
extremity  of  the  cylinder,  we  have  perceived  that  the  bars  of 
wrought  iron  were  steeled  at  their  surfaces,  but  for  a  depth  which 
did  not  exceed  one  millimetre. 

"At  the  interior  the  iron  was  altered  in  no  respect;  it  had 
preserved  all  its  fibre  and  its  quality.     A  bar  extricated  from  the 


*  "The  prooesa  of  founding,  the  muzzle  below  and  the  breech  above,  described  in 
the  flret  part  of  the  AppliaUions  o/Irtm  to  OonstmcHon  ofArHOery,  p.  149  and  following, 
would  be  applied  with  advantage  to  this  system  of  pieces  of  ordnance ;  by  casting  in 
this  manner  the  piece  of  ordnance,  the  longitudinal  armature  would  be  raised  to  the 
necessary  temperature  to  weld  itself  to  the  cast  iron  ** 
54 


850  Ordnance. — ^Appendix. 

cast  iron,  then  anbinitted  to  rupture,  has  not  shown  a  sensible 
diminution  of  its  resistance  to  extension. 

lOOS.  ^<3d.  Envelope  of  TransTerse  Hoops. — ^Plate  YI. 
(Fig!  3).* — The  24-pounder  cannon  cast  in  the  longitudinal  arma- 
ture, presents,  from  the  breech  to  the  trunnions,  a  cylindrical 
portion  having  O"  .48  (about  9  in.)  in  diameter. 

'^  It  is  upon  this  portion  that  we  have  placed  the  series  of  hoops 
placed  side  by  side,  represented  at  Fig.  8.* 

"  These  hoops  have  O"  .10  (about  4  in.,  breadth) ;  their  thick- 
ness is  variable  in  such  manner  as  to  give  the  lower  part  of  the 
cannon  the  truncated  conical  form  which  pieces  of  ordnance  should 
present.  The  hoop  against  the  trunnions  presents  O  .05  (about 
2  in.)  for  the  minimum  thickness;  that  forming  the  platband  of 
the  breech  has  one  of  O  .10  (about  4  in.) ;  the  last  but  one,  placed 
upon  the  vent,  O  .08  (about  3*2  in.).  Before  placing  the  hoop©, 
nicks  are  made  from  distance  to  distance  upon  the  exterior  sur- 
face of  the  cannon,  to  cause  the  hoops,  which  are  placed  after- 
wards after  having  heated  them  to  the  temperature  found  to  be 
necessary  to  obtain  a  suitable  dilatation,  to  adhere  strongly  to  it. 
The  hoops,  in  cooling,  exert,  by  the  contraction  upon  the  cannon, 
a  powerful  compression,  which  cannot  fail  to  add  to  the  strength 
of  resistance  of  the  cast  iron,  and  guarantees  the  connection  of  the 
system  of  the  envelope  of  wrought  iron.  Afterwards,  a  hoop  of 
wrought  iron,  having  likewise,  O"  .10  (about  4  in.)  of  breadth,  by 
O"  .05  (about  2  in.)  of  thickness,  was  introduced  from  the  side  of 
the  chase  and  which  rests  in  front  against  the  trunnions,  to  secure 
the  longitudinal  bars  which  extend  up  to  this  point,  and  upon 
which  one  must  be  careful  to  make  nicks  to  bind  to  them  the 
hoop  which  is  heated  in  order  to  obtain  a  strong  contraction. 

"  A  last  hoop,  designed  to  unite  the  preceding  against  the 
trunnions  with  the  chase  of  cast  iron,  terminates  the  envelope  of 
wrought  iron. 

"  The  cannon  is  afterwards  bored  and  turned  on  the  exterior  by 
the  ordinary  processes.    All  these  operations  are  very  simple; 

*  See  Fig.  426,  which  sufficiently^  iUustrates  all  the  drawings  mentioned. 
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we  have  said  that  they  did  not  present  any  difficulty  in  execution 
for  the  trial  cannon  constructed  in  1833  at  the  foundry  of  Four- 
chambault  with  very  imperfect  means. 

1004,  ^^  We  strongly  regret  not  having  been  able  to  obtain 
the  proof  of  the  rupture  of  this  cannon,  and  of  having,  in  addition, 
in  place  of  the  results  of  experience,  only  conjectures  to  present  in 
support  of  our  system. 

"  However,  if,  notwithstanding  the  facts  cited,  one  may  still 
call  in  question,  until  new  proofs,  the  increase  in  resistance  which 
we  claim  to  give  to  cast  iron  by  means  of  the  hooping  of  wrought 
iron,  one  should  not  the  less  contest  its  effectiveness  for  containing 
the  fragments  in  case  of  rupture,  and  for  preventing  the  disper- 
sion of  the  fragments. 

"  In  fact,  the  envelope  of  wrought  iron,  such  as  we  there  pro- 
pose, has  some  analogy  to  the  pieces  of  ordnance  of  wrought  iron 
constructed  at  the  origin  of  artillery,  and  by  means  of  which  they 
fired  the  enormous  bullets  of  which  history  makes  mention.  These 
gigantic  culverins  were  composed  of  longitudinal  bars  of  wrought 
iron  placed  in  the  manner  of  staves,  and  secured  together  by 
transverse  hoops  of  wrought  iron. 

"  Since  this  system  sufficed  to  constitute,  by  itself,  pieces  of 
ordnance,  it  will  evidently  satisfy,  without  difficulty,  the  auxiliary 
part  which  we  impose  upon  it  here.  Experience  will  give  the 
limit  of  the  resistance  necessary  to  contain  the  fragments  in  all 
directions ;  we  think  that  it  will  be  shown  below  smaller  dimen- 
sions than  those  we  have  proposed."* 

♦  "  The  reBistance  of  wrought  iron  to  rapture  in  the  direction  of  the  fibres,  is 
estimated  at  40  kiL  (about  48  lbs.)  for  the  square  millimetre  (about  y Sir  of  an  inch 
square,  or  t^ou  of  a  square  inch),  of  the  transverse  section;  let  us  reduce  it  to  20 
(44  lbs.,  about),  on  account  of  the  welding  of  the  hoops  and  of  the  immersion  of  the 
longitudinal  armature  in  the  cast  iron.  In  order  to  burst  at  the  same  time  the  twelve 
bars  composing  this  latter,  an  effort  of  432,000  kil.  (950400  lbs.),  time  would  be 
necessary ;  but  the  resistance  of  cast  iron  being  only  13  kiL  (about  28*6  lbs.)  for  each 
square  millimetre  of  section,  the  trunnions  of  a  24-lb.  cannon  would  break  under  an 
effort  of  250000  kil.  (about  550000  lbs.).  The  rupture  of  the  trunnions  will  then 
always  precede  the  complete  tearing  away  of  our  armature,  and  we  have  seen,  by  the 
preceding  proofs,  that  the  trunniona  have  uniformly  withstood." 
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CHAMBERS,  1849. 

104I5,  Benjamin  Chambers^t  ISpecUlcatlon  of  United 
States  Patent,  dated  July  31tt,  1M9.* — "  Be  it  known  that 
I,  Benjamin  Chambere,  of  the  city  and  county  of  Washington, 
in  the  District  of  Oolnmbia,  have  invented  a  new  and  nsefiil 
Improved  Cannon,  and  I  do  hereby  declare  that  the  following  is 
a  fall,  clear,  and  exact  description  thereof,  reference  being  had  to 
the  accompanying  drawings,  which  make  part  of  this  specifica- 
tion. 

"  My  improvements  have  reference  as  well  to  the  construction 
as  to  the  mode  of  using  cannon,  the  object  being  to  produce  such 
an  improvement  in  fire-arms  as  will  secure  all  the  strength  neces- 
sary, together  with  suitable  weight  of  metal,  and  a  prompt,  safe, 
and  easy  mode  of  charging  and  discharging  the  piece. 

"  The  material  of  my  cannon  is  wrought  iron.  I  am  aware 
that  this  material  has  been  already  employed  in  various  ways  for 
the  purpose  of  constructing  heavy  ordnance ;  that  staves  of  iron 
and  hoops  of  the  same  material  have  been  put  together  in  alter- 
nate layers  until  a  cylindrical  or  conical  mass  of  suitable  magni- 
tude had  been  produced ;  that  solid  masses  have  been  forged  and 
subsequently  bored  out  to  the  required  interior  size ;  that  series 
of  rings  liavc  been  piled  up  and  held  together  with  bolts  passing 
through  them  lengthwise  of  the  gun,  and  fastened  at  each  end 
by  screw-nuts,  or  with  straps  running  fore  and  aft  on  the  outside ; 
also,  that  flat  rings  have  been  made  separately  and  welded  to- 
gether into  a  pile  of  sufficient  height  to  constitute  the  length  of 
the  gun. 

"  I  am  aware  that  serious  objections  have  in  practice  been 
found  to  exist  against  all  these  modes  of  forming  wrought-iron 
cannon,  and  I  have  devised  the  following,  which  I  consider 
decidedly  preferable  to  any  hitherto  in  use. 

lOOA.  "  To  obviate  the  danger  of  crystallizing  the  iron  by 

*  Fig.  427,  reduced  from  the  patentee's  drawings,  sufficiently  explains  all  that 
part  of  the  specification  referring  to  the  mode  of  construction  under  consideration. 
The  description  of  the  breech-loading  has  been  omitted. 
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welding  it  in  large  maases,  I  form  my  cannon  of  pieces  of  a 
moderate  thicknesB  only,  conmiencing  with  tlie  tnbe  a,  a,  aa  Been 
in  section  at  Fig.  427,  the  interior  of  which  tube  is  the  bore  of 
the  gun,  and  the  outside  is  turned  to  receive  a  series  of  rings 
a\  a\  etc.,  which  have  an  interior  diameter,  such  that  they  will 
not,  when  cold,  pass  on  to  the  tube  a,  but,  when  heated,  will 
readily  slip  on,  and  come  to  the  required  position.  I  avoid  too 
great  a  heat,  for  the  purpose  of  preventing  oxidation  of  the  rings, 
and  determine  the  diameter  of  the  interior  of  the  rings,  as  com- 
pared with  that  of  the  exterior  of  the  tube,  on  the  principle  of 
the  law  of  expansion  of  wrought  iron,  which  I  compute  at  about 
seven-miUionths  parts  of  its  dimensions  for  every  degree  Fahren- 
heit to  which  it  is  heated  above  the  freezing  point  of  water. 


Cliambors's  hooped  gun,  patented  in  1849. 


1007.  "  Having  shrunk  the  rings  a\  a\  upon  the  barrel  a, 
I  place  in  a  similar  manner,  by  heating  and  shrinking  on,  the 
rings  a"^  a'\  so  as  to  break  joints  with  the  rings  a\  a\  and 
when  a  greater  number  of  courses  of  rings  is  necessary,  they 
are  placed  on  the  preceding  series  in  the  same  manner  as  the 
second  series  is  placed  upon  the  first,  that  is,  so  as  to  break  joints 
with  each  other.  The  rings  may  all  be  prepared  separately 
and  finished  ready  to  be  put  together,  or  when  one  set  has 
been  placed  upon  the  barrel  rz,  throughout  its  length,  the  piece 
thus  formed  may  be  placed  in  a  lathe,  and  the  exteriors  of 
the  rings  turned  all  together,  so  as  to  receive  the  next  tier  of 
rings. 

1008,  *^  Instead  of  turning  the  barrel  a  of  a  cylindrical 


form,  and  shrinking  on  the  rings  a\  a",  etc.,  with  so  mndi 
tension  as  to  make  them  adhere  firmly  by  the  mere  friction 
thereby  created,  I  shall,  in  some  cases,  either  in  whole  or  in 
part,  tnm  the  barrel  a,  having  alternately  elevated  and  de- 
pressed portions.  To  fit  these  elevations  and  depressions,  the 
rings  a',  a',  will  be  formed  on  their  inner  sides  with  reverse 
depressions  and  elevations  answering  to  the  ridges  and  cavitie* 
turned  on  a.  The  edge  of  the  ring  a\  is  of  snch  interior  dijun* 
eter  that  it  will  not,  when  cold,  pass  over  the  ridge  on  the 
barrel  a;  but  when  heated  to  the  proper  temperature,  it  will 
come  into  place,  and  then  the  contraction  of  metal  brings  the 
ridges  into  firm  contact  with  the  depressions,  leaving  the  bmrrel 
at  all  parts  firmly  griped  by  the  rings,  but  not  so  straining 
the  latter  as  to  diminish  essentially  the  tenacity  of  the  ring: 
when  cold.  In  deciding  how  high*  the  elevations  may  be  made 
consistently  with  ease  in  getting  on  the  rings,  and  with  doe 
adhesion  after  they  are  cooled,  I  calculate  the  expansion  at 
the  temperature  used  in  putting  on  the  rings,  and  ascertain  and 
give  to  the  diameters  of  the  ridges  the  same  relations  as  the 
ring  a'  will  have  at  the  edges,  in  its  hot  and  its  cold  state 
respectively.  But  in  turning  the  rings  «',  I  leave  their  inte* 
rior  diameters  in  the  respective  parts,  slightly  less  than  that 
of  the  barrel  at  the  parts  on  which  they  are  severaUy  to  be 
set.  This  is  for  the  purpose  of  having  every  part  of  the 
ring,  when  cold,  brought  into  a  moderate  tension,  but  not  over< 
strained. 

1009,  "  By  means  of  the  rate  above  stated  for  the  expansion 
of  iron  by  heat,  and  assuming  the  temperature  of  1000  d^rees 
above  the  freezing  point  at  which  the  rings  might  be  able  to  pafl« 
on  to  the  barrel,  I  find  that  if  the  ring  have  at  its  edge  a 
diameter  of  6  in.  when  cold,  its  larger  diameter  (as  well  as  that 
of  the  barrel),  may  be  made  rrT^rrr  x  IWX)  x  6  =  t1|,  of  an 
inch  more  than  its  lesser  diameter;  or  it  may  be  6*042  in.  in 
diameter.  As  successive  rings  are  put  on,  the  relative  diameters 
at  the  depressed  and  at  the  elevated  parts  of  the  interior  and  of 
the  exterior  ringb,  will  remain  the  same  as  above,  but  the  abso- 
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lute  heights  of  the  ridges,  over  which  the  edges  of  the  rings  must 
pass,  will  increase  in  proportion  as  the  diameter  increases.  The 
exterior  peripheries  of  all  the  series  of  rings,  except  the  last,  have 
depressions  turned  on  their  middle  parts,  which  depressions  are  to 
receive  the  ends  of  the  next  series  of  rings  (a"). 

lOlO.  "The  last  series  (a'")  will  be  turned  off  to  the  regular 
conical  form  of  the  finished  cannon. 

"  The  trunnions  TT  are  forged  with  one  of  the  outside  rings, 
which,  for  the  purpose  of  strengthening  the  connection,  may  be 
made  thicker  than  the  other  exterior  rings. 

"It  is  not  necessary  that  all  the  rings  composing  a  cannon 
should  be  made  of  the  same  diameter  for  the  same  series,  but 
they  may  increase  gradually  from  the  muzzle  towards  the  breech 
end  of  the  cannon,  as  represented  in  Fig.  427. 

"  The  portion  of  my  cannon  near  the  breech  is  tapered  to  a 
greater  extent  than  has  been  generally  customary,  this  part  being 
represented  by  the  curved  line  2,  w.  The  firing  of  the  cartridge 
13  made  to  take  place  at  0,  about  opposite  to  the  point  ^,  and 
where  the  diameter  of  the  gun  is  greatest."* 

101 1*  In  a  reissue  of  this  patent,  dated  April  19th,  1853,  the 
inventor  describes  the  parts  under  consideration,  in  the  same  lan- 
guage, but  makes  no  reference  to  them  in  his  general  description 
of  the  invention,  nor  in  his  claims. 

TREADWELL,  1855. 

10 13.  Daniel  Tread  well's  t^peclfleatlon  of  IJnlted  l»tates 
Patent  dated  I>eeeniber  llth,  18M. — "  Enow  all  men  by  these 
presents,  that  I,  Daniel  Treadwell,  Engineer,  a  citizen  of  the  United 
States  of  America,  but  now  resident  in  London,  have  invented  a  new 
and  useful  improvement  in  making  cannon;  and  I  hereby  declare 
the  following  to  be  a  true  description  and  specification  of  my  said 
improvement,  to  wit: 

♦  See  Fig.  427. 

f  The  remainder  of  the  speciflcation  and  the  daima  refer  exdusiyelj  to  the  patent- 
tee's  method  of  breech-loading. 


X'&V.    «^o. 


Treadwell^s  hooped  gan,  |>ateiited 
in  1855. 


mvjio.  J.  ursL  casi  a  cannoa  m 
the  usual  manner,  but  having  in  iu 
largest  part  a  diameter  only  about 
twice  as  great  as  the  calibre  intend- 
ed to  be  bored  in  it.  I  then  bore  it 
and  turn  the  outeidc,  making  two  or 
three  cylinders,  as  represented  at  A^ 

A,  in  the  drawing  hereto  annexed, 
one  of  these  cylinders,  extending 
from  the  breecli  to  a  little  beyond 
the  trunnions,  being  somewhat  larger 
than  tlie  others  that  extend  from  netr 
the  trunnions  to  the  muzzle.  Upon 
these  cylinders  I  cut  a  screw  formed 
of  about  eight  threads,  each  thread 
taking  about  an  eighth  of  an  inch 
space,  so  that  one  turn  advances 
each  thread  about  an  inch.  I  then 
form  several  hoops  or  rings  of 
wrought  iron,  represented  at  B,  B, 

B,  etc,  in  section.  These  hoops  are 
turned  upon  the  inside,  and  have  a 
female  screw  cut  upon  their  inner 
surface,  to  fit  the  threads  before  de- 
scribed as  cut  upon  tlie  cast-iron  cyl- 
inders forming  the  gun  body.  They 
are  to  be  finished,  however,  abont 
one  ane4housandih  {j^j)  part  of 
their  internal  diameter  less  in  diam- 
eter than  tlie  male  screw  that  they 
are  to  encircle.  They  are  then  hea^ 
ed,  to  expand  them  snflliciently  to 
turn  them  on  to  their  place  or  places 
as  shown  in  the  drawing.  It  will 
be  seen  that  the  hoop  marked  B* 
must  be  first  put  in  its  place,  and  a 
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portion  of  ita  outer  side  turned,  and  have  the  threads  formed 
upon  it,  before  the  hoop  B*,  that  partly  covers  it,  can  be  put  in 
its  place. 

1014.  "  When  one  cover  of  hoops  (B,  B,  B,  etc.)  are  arranged 
as  herein  described  and  shown,  I  place  the  gun  again  in  the  lathe 
and  turn  the  outside  of  these  first  series  of  hoops,  and  cut  thereon 
a  screw  formed  of  several  threads,  as  was  before  done  upon  the 
cast-iron  body.  (This  may  be  done  upon  all,  or  only,  as  shown 
in  the  figure,  upon  those  from  the  breech  to  the  trunnions  inclu- 
sive.) I  then  form  another  set  of  hoops,  c,  c,  c,  etc.,  with  female 
screws  corresponding  to  the  male  screws  upon  the  first  series,  and, 
the  diameter  being  one  one-thousandth  part  less  than  the  screw 
they  are  to  cover,  I  expand  them  by  heat,  as  was  practised  with 
the  first  set,  and  let  them  shrink  on  in  place,  as  they  are  shown 
in  the  drawing.  One  of  these  hoops  has  the  trunnions  forged 
upon  it,  as  shown  at  D,  D.  It  will  be  noticed  that  the  series  c,  c, 
hreak  joint  over  B,  B.  The  drawing  is  a  section  of  the  cannon 
made  through  its  axis,  and  the  several  parts  cannot  fail  to  be  at 
once  known  and  understood.  The  proportions  in  this  drawing 
are  intended  for  a  cannon  of  12  in.  calibre. 

lOltS,  ^^  I  do  not  claim  a  patent  for  using  hoops  generally  in 
making  cannon,  as  the  earliest  cannon  known  were  formed  in 
part  by  hoops  brazed  upon  them.  But  my  invention  consists  in 
constructing  cannon  with  hoops  screwed  and  shrunk  upon  a  body 
in  which  the  calibre  is  formed  in  the  manner  herein  described. 

1016,  "In  witness  of  all  which  I  have  hereto  set  my  name, 
this  19th  day  of  June,  1855,  at  London. 

"Daniel  Tbeadwkll." 

1017,  A  reissue  of  this  patent  was  granted  on  February  4th, 
1862.  The  patentee  first  repeats  the  entire  specification  as  con- 
tained in  the  foregoing  paragraphs  1013  and  1014,  and  then  pro- 
ceeds as  follows : 

1018,  "Having  thus  stated  with  sufficient  minuteness  the 
method  of  manufacturing  a  cannon  according  to  my  improved 
method,  I  now  proceed  to  describe  the  principle  or  principles  to 
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which  a  cannon  thus  formed  owes  its  great  superiority  over  those 
constructed  in  the  ordinary  way. 

1019.  "About  thirty  years  ftgo,  Mr.  Peter  Barlow,  of  Wool- 
wich, published  a  paper  in  the  Transactions  of  the  Society  of 
Civil  Engineers,  on  the  hydrostatic  press,  in  which  he  showed  that 
hollow  cylinders  of  the  same  materials  do  not  increase  in  strength 
in  the  ratio  of  increase  in  thickness,  but  that  the  ratio  of  increase 
of  strength  is  such  that  where  they  become  of  considerable 
thickness,  the  strength  falls  enormously  below  that  given  by 
the  ratio  of  thickness.  The  law  of  the  diminution  in  the 
power  of  resistance  may  be  stated  as  follows:  Suppose  such 
a  cylinder  to  be  made  up  of  a  great  number  of  thin  rings  or 
hoops  placed  one  within  another  and  exactly  fitting,  so  that  the 
particles  of  each  hoop  shall  be  in  equilibrium  with  each  other. 
Then  the  resistance  of  these  rings,  compared  one  with  another, 
to  any  distending  force,  will  be  inversely  as  the  squares  of  their 
diameters. 

"  With  these  incontrovertible  laws  of  resistance  before  us,  we 
cannot  fail  to  perceive  how  impossible  it  must  be  to  increase  the 
strength  of  cast-iron  cannon  in  any  useful  degree  by  an  increase 
of  their  thickness  beyond  that  now  given  to  them, 

1030.  "  Now,  to  obviate  the  great  cause  of  weakness  arising 
from  the  conditions  before  recited,  and  to  obtain,  as  far  as  may 
be,  the  strength  of  wrought  iron  instead  of  that  of  cast  iron, 
for  cannon,  I  have  invented  the  following  mode  of  instruction : 
I  form  a  body  for  the  gun  containing  the  calibre  and  breech,  as 
now  formed,  of  cast  iron,  but  with  walls  of  only  about  half  the 
thickness  of  the  diameter  of  the  bore.  Upon  this  body  I  place 
rings  or  hoops  of  wrought  iron  in  one,  two,  or  more  layers.  Every 
hoop  is  formed  with  a  screw  or  thread  upon  its  inside,  to  fit  a 
corresponding  screw  or  thread  formed  upon  the  body  of  the  gun 
first,  and  afterwards  upon  each  layer  that  is  embraced  by  another 
layer.  These  hoops  are  made  a  little,  say  one  one-thousandth 
part  of  their  diameters,  less  upon  their  insides  than  tlie  parts  they 
enclose.  They  are  then  expanded  by  heat,  and  being  turned  into 
their  places,  suffered  to  cool,  when  they  shrink  and  compress, 
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first  the  body  of  the  gun,  and,  afterwards,  each  snccessiye  layer 
all  that  it  encloses.  This  compression  must  be  made  such  that 
when  the  gun  is  subjected  to  the  greatest  force,  the  body  of  the 
gun  and  the  several  layers  of  rings  will  be  distended  to  the  frac- 
turing point  at  the  same  time,  and  thus  all  take  a  portion  of  the 
strain  up  to  its  bearing  capacity. 

1031,  "  There  may,  at  the  first  view,  seem  to  be  a  great  prac- 
tical difficulty  in  making  the  hoops  of  the  exact  size  required 
to  produce  the  necessary  compression.  This  would  be  true  if  the 
hoops  were  made  of  cast  iron  or  any  body  which  fractures  when 
extended  in  the  least  degree  beyond  the  limit  of  its  elasticity, 
But  wrought  iron,  and  all  malleable  bodies,  are  capable  of  being 
extended,  without  fracture,  much  beyond  their  power  of  elasticity. 
They  may  therefore  be  greatly  elongated  without  being  weakened. 
Hence  we  have  only  to  form  the  hoops  small  in  excess,  and  they 
will  accommodate  themselves  under  the  strain  without  the  least 
injury.  It  will  be  found  best  in  practice,  therefore,  to  make  the 
difference  between  the  diameter  of  the  hoops  and  the  parts  which 
they  surround,  considerably  more  than  one  one-thousandth  part 
of  a  diameter. 

1033,  ^^  It  will  be  seen  that  with  a  gun  made  in  this  way,  we 
must  depend  upon  the  cast-iron  body  to  resist  the  strain  tend- 
ing to  produce  cross-fracture,  though  this  resistance  will  be  in 
some  degree  supported  by  the  outer  rings  breaking  joint  over  the 
inner  rings.  It  will  moreover  be  advantageous  to  make  the 
threads  of  the  female  screw  sensibly  finer  than  those  of  the  male, 
to  draw,  by  the  shrink,  the  inner  rings  together  endwise. 

^^  By  this  means  (as  herein  set  forth)  a  gun  may  be  made  nearly 
four  times  as  strong  as  a  cast-iron  gun  of  the  same  weight,  wrought 
iron  being  taken  at  only  twice  the  strength  of  cast  iron. 

103S,  ^^I  do  not  claim  a  patent  for  using  hoops  generally  in 
making  cannon,  as  the  earliest  cannon  known  were  formed,  in 
part,  by  hoops  brazed  upon  thena.  But  my  invention,  for  which 
I  claim  letters  patent,  consists : 

"  1st.  In  making  a  cannon  consisting  of  a  body  (in  which  the 
calibre  is  formed),  the  walls  of  which  are  of  one  piece,  surrounded 
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by  rings,  hoops,  or  tubes,  in  one  or  more  layers,  placed  upon  said 
body  imder  great  strain,  by  which  said  body  is  compressed,  and 
the  natural  equilibrium  of  the  molecules  or  particles  of  which  it 
is  composed  disturbed  by  their  being  brought  nearer  together ; 
and  this  is  accomplished  in  the  manner  herein  set  forth,  namely, 
by  making  the  hoops  smaller  than  the  part  which  they  are  to  sur- 
round, and  then  expanding  them  by  heat,  and  then  suffering  them 
to  shrink  or  contract  after  having  been  put  in  their  places. 

^'  2dly.  I  also  claim  the  method  of  securing  the  hoops  to  the 
body  of  the  gun,  and  the  several  layers  of  hoops  to  each  other 
by  screw-threads,  when  they  shrink  to  their  places,  as  above  de- 
scribed. Daniel  Tbeadwell." 


BUKELY,  1855. 

1094.  Alexander  Tbeoplilliis  Blakely's  i^iftecllleatlon  of 
British  Ffttent,  dated  Febmar|r  arth,  18M.*— ^^  The  improve- 
ments relate  first  to  a  method  of  forming  guns  with  an  internal 
tube^  or  cylinder  of  cast  iron  or  steel,  enclosed  in  a  casing  of 
wrought  iron  or  steel.  I  sometimes  form  the  outer  surface  of  the 
inner  tube  somewhat  conical,  the  greatest  diameter  being  just  in 
front  of  the  trunnions,  and  tapering  both  ways,  and  apply  the 
outer  casing  in  the  form  of  collars  or  rings  driven  thereon.  And 
in  some  cases  I  apply  two  or  more  layers  of  such  rings,  according 
to  the  strength  sought  to  be  obtained,  the  trunnions  being  of  one 
piece  with  one  of  the  rings.  .  The  outer  casing  m^y,  however,  be 
applied  in  the  form  of  collars  or  rings,  heated  and  shrunk  upon 
the  cylindrical  surface  of  the  inner  cylinder  or  tube;  hut  Ida  not 
claim  as  my  invention  t/ie  method  of  forming  guns  or  camwn  hy 
the  application  of  collars  or  rings,  heated  a/nd  shrunk  upon  a 
cylindrical  inner  tvbe,  save  and  except  when  the  internal  dlam^ 
ters  of  such  collars  07*  rings  are,  previously  to  being  heated,  so 

*  This  is  Oaptain  Blakely's  specification  as  altered  March  5th,  1859.  The  words 
printed  in  UaUca  were  then  added  to  the  original  specification.  The  parts  of  the  origi- 
nal spedfloation  that  have  been  omitted,  do  not  refor  to  the  method  of  oooBtmction 
under  oonsideration. 
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mfuch  mudler  than  the  external  diameter  of  the  inner  tube  on 
which  they  are  shrunk^  that  after  being  cooled^  the  outer  casing 
formed  by  the  rings  or  collars  is  in  a  state  of  tension  orpermor 
nent  strain^  similar  to  that  produced  when  the  rings  or  collars  are 
forced  upon  a  conical  surface^  as  before  described^  and  the  inner 
tube  is  in  both  cases  similarly  compressed;*  a  like  eff^ect  may  be 
produced  by  forming  heavy  ordnance,  especially  rifled  guns  or  sea- 
service  mortars,  with  an  internal  tube  or  cylinder  (formed  by  cast- 
ing and  boring  in  the  usual  manner)  upon  which  are  cast  rings  of 
cast  iron  in  one  or  more  layers.  When  in  several  layers,  the 
joints  of  the  rings  should  ^  break  band.' 

1035.  ^^SecofuUyj  the  improvements  relate  to  strengthening 
old  guns  or  guns  made  according  to  other  arrangements,  by  the 
application  of  external  metal  rings  or  coils  of  iron,  as  referred  to 
under  the  first  head  of  the  improvements. 

"But  that  my  said  invention  may  be  fully  understood  and 
readily  carried  into  effect,  I  will  proceed  to  describe  the  drawings 
annexed.t 

"  Fig.  1  shows  a  sectional  view,  and  Fig.  2,  an  external  view 
of  a  gun  arranged  according  to  the  first  part  of  my  improvements ; 
Fig.  3  shows  the  internal  core  separately;  Fig.  4  shows  two 

Fio.  429. 


Blakelj's  hooped  gun,  patented  1866. 


views  of  one  of  the  rings ;  and  Fig.  5,  two  views  of  the  rings 
upon  which  the  trunnions  are  formed ;  a  ais  the  internal  tube  or 
cylinder  of  cast  iron  or  steel  which  receives  the  charge ;  J  ft  are  a 
series  of  collars  or  rings,  which  are  shrunk  or  driven  upon  the 

*  After  the  word  "compressed,**  the  words  "Secondly,  the  improTementa  consist 
in,**  were  written  in  the  original  specification. 

t  Figure  429,  Blakely's  original  18-Pounder  (7a),  sufficiently  explains  the  draw- 
ings referred  to,  the  only  difference  being  that  the  gun  shown  in  the  patent  has  two 
courses  or  layers  of  hoops. 
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outer  surface  of  the  inner  cylinder.  There  may  be  one  or  several 
series  of  such  collars  or  rings,  but  when  there  are  several  layers, 
they  should  be  applied  so  as  to  break  joint  as  shown :  and  when 
applied  they,  with  the  internal  cylinder,  form  one  combined  maas 
of  metal,  to  resist  the  force  of  the  charge  when  firing.  The  trun- 
nions are  formed  on  or  affixed  to  one  of  the  collars  or  rings  as 
shown  by  Fig.  5;  c  o  are  rods  formed  with  screws  at  their  ends 
for  nuts,  by  which  the  parts  are  retained  in  position,  hd  to  which 
I  make  no  claim;  guns  thus  formed  of  several  parts  may  be 
either  put  together  and  transported  as  a  whole,  or  they  may  be 
transported  in  separate  pieces,  and  put  together  as  required,  by 
which  great  facility  will  be  obtained  for  transport,  especially  with 
heavy  guns.  In  these  figures  I  have  shown  the  end,  a*  of  the 
cylinder  or  tube*  formed  as  part  of  that  cylinder.  I  do  not,  how- 
ever, confine  myself  to  that  arrangement,  and  in  some  cases  I 
form  that  part  separately,  as  shown  in  Fig.  6 ;  to  do  so^  however j 
forms  no  part  of  my  in/vention  to  which  Ilay  daim.  In  place 
of  forming  the  outer  casing  of  separate  collars  or  rings,  I  some- 
times form  such  outer  casing  of  wire  or  rod  wound  spirally  in  one 
or  more  layers  around  the  inner  cylinder  or  tube.  When  the 
guns  are  formed  in  several  parts  to  be  put  together  separately, 
then  the  internal  cylinder  may  for  the  time  be  shrunk  somewhat 
by  the  application  thereto  of  any  suitable  freezing  mixture,  or  the 
external  rings  may  be  caused  to  expand  by  heat,  previous  to 
being  applied  to  the  internal  cylinder,  and  t}ien  shrunk  thereon. 

1036.  "  I  have  not  thought  it  necessary  to  give  any  specific 
direction  for  casting  metal  upon  the  surface  of  internal  cylinders 
or  cores  for  the  purpose  of  strengthening  them,  as  I  proceed  by 
simply  forming  a  mould  of  the  figure  of  such  ring,  and  then  having 
applied  the  internal  cylinder  therein  as  a  core,  I  pour  the  fiuid 
metal  into  the  space  around,  as  is  well  understood  by  persons  ac- 
customed to  casting"  in  metal. 

1037.  ^^  Old  guns  or  guns  made  according  to  other  arrange- 
ments, may  be  strengthened  by  the  application  of  external  rings 

♦  The  breech-plug 


Hooped  Guns.  868 

or  coils  of  wire,  or  bars  of  iron  or  steel,  as  described  in  respect  to 
the  first  part  of  the  invention. 

1038.  "  Having  thns  described  the  nature  of  my  said  inven- 
tion, I  would  have  it  understood  that  I  do  not  confine  myself  to 
the  precise  details  shown  and  described,  so  long  as  the  peculiar 
character  of  any  part  of  the  improvements  be  retained." 


ARMSTRONG-BLAKELY-TREADWELL 

1099.  The  patents  of  Sir  William  Armstrong  are  not 
made  public.  (T  1.)  The  following  relates  to  the  originality 
of  the  Armstrong  gun — Ist,  as  regards  the  use  of  hoops  with  ini- 
tial tension.  Captain  Blakely  testified  as  follows  before  the  Select 
Committee  on  Ordnance,  in  1863 : 

1030,  "  The  manager  of  the  Butterly  Company  in  Derbyshire, 
which  made  my  guns  in  1865,  who  accompanied  me  to  Woolwich 
Arsenal  last  year,  or  the  year  before  last,  said,  in  my  presence, 
that  the  system  on  which  they  were  making  the  guns  there  was 
identically  the  same  on  which  they  had  made  guns  for  me  in  1865. 

1031.  "  I  had  taken  out  a  patent  on  the  27th  of  February, 
1855,  and  Sir  William  Armstrong  made  his  experiments  with  his 
first  field-gun,  or  his  second  field-gun,  with  my  permission.  There 
was  no  doubt  about  the  identity  of  the  thing.  I  gave  him  per- 
mission to  make  those  experiments ;  and  on  the  condition  that  I 
allowed  him  to  continue  those  experiments,  he  promised  to  nego- 
tiate with  me  before  using  the  gun  commercially.  I  will  read  his 
own  letter : 

" '  2l8i  January,  1857. 
" '  Mr  Dbab  Sir: — ^Tour  letter  of  the  19th  has  reached  me  here.  At  present  I  am 
making  no  guns,  except  for  experimental  purposes.  If  you  have  a  valid  patent  for 
any  method  of  construction  which  I  may  adopt,  I  shall,  of  course,  on  being  satisfied 
of  that,  negotiate  with  you  before  I  use  it  commercially ;  until  then  the  question  may 
fairly  stand  over.  Tou  will  observe  that  I  make  no  claim  to  the  exclusive  invention 
of  any  thing  in  my  letter  to  "The  Times,"  but  have  confined  myself  to  a  simple 
description  of  what  I  have  done. 

" '  I  am,  dear  sir,  yours  truly, 
(Signed)  " '  W.  G.  Abmstbokq. 

" 'Captain  Blakblt.* 
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"  When  Sir  William  Armstrong's  gun  was  introduced  into  ser- 
vice, I  wrote  him  to  remind  him  of  his  promise,  and  his  reply 
was  this : 

" '  Newcastlb-on-Ttnb,  9th  January,  1869.* 
[So  thai  he  had  had  plenty  of  time.] 

"  *  DBA.R  Sir: — ^I  have  reoeived  your  note  of  jresterday,  and  assnre  jcra  that  I  have 
DO  intentioQ  of  doing  yoo  any  injustice.  At  the  same  time  I  must  infonn  jou  that  ^be 
guns  which  are  heing  made  under  my  direction  have  no  interior  lining  of  steel,  and 
are  not  in  any  way  affected  by  your  patent' 

1033,  ^'  Sir  William  Armstrong  had  then  introduced  a  modi- 
fication which  I  suppose  he  conceived  to  be  a  great  improvement, 
viz. :  making  the  entire  gun  of  wrought  iron,  instead  of  the  method 
which  he  had  first  used,  of  a  steel  barrel  covered  with  wrought- 
iron  coils,  which  is  clearly  within  the  words  of  my  patent.  My 
specification  says : 

"'  The  improvements  relate,  first,  to  a  method  of  forming  guns 
with  an  internal  tube  or  cylinder  of  cast  iron  or  steel,  enclosed  in 
a  case  of  wrought  iron  or  steel.  I  sometimes  form  the  outer  snr^ 
face  of  the  inner  tube  somewhat  conical ;  the  greatest  diameter 
being  just  in  front  of  the  trunnions,  and  tapering  both  ways,  and 
apply  the  outer  casing  in  the  form  of  collars  or  rings,  driven 
thereon ;  and  in  some  cases  I  apply  two  or  more  layers  of  such  rings, 
according  to  the  strength  sought  to  be  obtained,  the  trunnions  being 
of  one  piece  with  one  of  the  rings.  The  outer  casing  may,  how- 
ever, be  applied  in  the  form  of  collars  or  rings  heated  and  shrunk 
upon  the  cylinder  or  tube ;  but  I  do  not  claim  as  my  invention  the 
method  of  forming  guns  or  cannon  by  the  application  of  collars 
or  rings  heated  and  shrunk  upon  a  cylindrical  inner  tube,  save 
and  except  when  the  internal  diameters  of  such  collars  or  rings 
are,  previously  to  being  heated,  so  much  smaller  than  the  exter- 
nal diameter  of  the  inner  tube  on  which  they  are  shrunk,  that, 
after  being  cooled,  the  outer  casing  formed  by  the  rings  or  collars 
is  in  a  state  of  tension  or  permanent  strain,  similar  to  that  pro- 
duced when  the  rings  or  collars  are  forced  upon  a  conical  surface, 
as  before  described.  *  *  *  In  place  of  forming  the  outer 
casing  of  separate  collars  or  rings,  I  sometimes  form  such  outer 
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casing  of  wire  or  rod,  wocmd  spirallj  in  one  or  more  layers, 
around  the  inner  cylinder  or  tube/ 

1033.  *  *  *  "  The  real  eesence  of  Sir  William  Arm- 
strong's  gun  and  of  my  gun  does  not  lie  in  the  use  of  those  coils,  but 
in  the  manner  in  which  the  outer  coils  are  made  to  compress  the 
inner  ones,  so  as  to  make  the  two  layers  act  in  unison  in  resisting 
the  strain.  This  is  very  clearly  explained  by  Sir  William  Arm- 
strong in  his  letter  of  the  14th  of  July,  1856,  in  the  blue  book 
of  last  year 

1034.  ^^  ^  It  is  also  to  be  observed,  in  reference  to  the  strength 
of  steel  or  wrought-iron  cannon,  that  the  resistance  of  a  cylinder 
to  internal  pressure  does  not  increase  in  the  ratio  of  its  thickness. 
If  the  cylinder  be  regarded  as  made  up  of  a  number  of  concen- 
tric layers,  each  capable  of  sustaining  without  injury  a  d^ree  of 
extension  proportionate  to  its  length,  it  is  obvious  that  the  greater 
the  circumference  of  each  layer,  the  less  will  it  be  stretched  by  a 
given  distention  of  the  bore,  and,  consequently,  the  less  will  it 
contribute  to  the  general  strength  of  the  cylinder.  The  ratio  of 
this  decrease  is  very  rapid,  being  as  the  square  of  the  circumfer- 
ence, or  distance  from  the  centre  inversely  ;*  and,  consequently, 
when  the  cylinder  is  thick,  the  deficiency  of  strength  from  this 
cause  becomes  very  great. 

" '  Now  this  defect  can  only  be  remedied  by  giving  to  the  exter- 
nal  portion  of  the  cylinder  a  certain  initial  tension,  gradually^ 
decreasing,  and  finally  passing  into  compression  towards  the  cen- 
tre ;  and  although  this  condition  cannot  be  effected  by  any  known 
process  of  forging  or  casting,  yet  where  wrought  iron  or  steel  is 
the  material  used,  it  may  in  a  great  measure  be  attained  by 
shrinking  an  outer  cylinder  upon  an  inner  one,  and  in  like  man- 
ner superadding  others  until  the  requisite  thickness  has  been 
acquired.'" 

1035.  Captain  Blakely  then  refers  to  the  fact  that  Sir  Wiliam 
Armstrong  subsequently  ignored  this  principle,  for  instance,  before 
the  Institution  of  Civil  Engineers  in  1860.    Sir  William  says: 

"  The  outer  layers  and  rings  of  metal  are  not  put  on  with  any 

*  Sir  William  here  gires  the  calculation  at  length. 
55 
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calculated  degree  of  tension ;  they  are  simply  applied  with  a  snf- 
ficient  difference  of  diameter  to  secure  effectiye  shrinkage." 

1036«  As  to  the  use  of  a  steel  barrel  hooped  with  wrought 
iron,  the  examination  before  the  same  Committee  (1863)  elicited 
the  following  statements  from  Sir  William  Armstrong : 

"  Q.  You  mentioned  on  the  last  day  of  yonr  examination  that 
one  of  the  results  which  had  been  obtained  by  the  country  had 
been  a  system  of  construction  of  guns;  will  you  kindly  say 
whether  you  mean  by  that  the  system  of  strengthening  the  guns 
by  hoops  of  wrought-iron,  or  whether  you  include  the  system  of 
constructing  the  barrel  ?"  A.  "  I  referred  to  the  coU  system." 
Q.  "  You  referred  to  both  the  barrel  and  the  external  hoops  ?" 
A,  "  It  is  applicable  to  the  barrel  and  to  the  hoops."  Q.  "  Then 
what  do  you  mean  by  the  coil  system  as  applicable  to  the  barrel 
and  hoops  ?"  •  A.  "  The  gun  with  the  barrel  of  steel  as  exempli- 
fied in  my  first  gun."  Q.  "  What  is  the  system  of  construction 
which  you  say  the  country  has  gained  ?"  A.  "  The  coil  sys- 
tem ;  but  I  have  made  the  internal  tubes  of  the  gun  of  both  steel 
and  coils.  I  use  the  coil  as  alternative  when  steel  is  not  to  he 
obtained^  Q.  "  Then  how  do  you  define  the  system  of  construc- 
tion wliich  you  referred  to  ?"  A.  "  The  construction  of  the  gun 
by  a  coiled  tube,  and  it  may  either  be  applied  to  the  barrel  or  not. 
I  have  already  stated  that  ike  system  which  I  most  approve  is  to 
vse  steel  for  the  harrd^  provided  I  can  get  the  proper  metal ;  but 
if  it  cannot  be  got,  then  the  alternative  is  to  use  coils  for  the 
barrel." 

1037.  It  appears  then,  first,  that  Sir  William  Armstrong 
infringes  Captain  Blakely's  patent  for  hooping  a  steel  barrel 
when  he  uses  the  most  approved  system,  and  second,  that  he  is 
at  least  not  original  in  the  use  of  hoops  having  definite  initial 
tension. 

Again,  Sir  William  Armstrong  says  in  the  same  testimony: 
"  From  the  very  first  I  saw  and  I  still  feel  that  steel  is  the  proper 
metal  for  the  barrel  of  a  gun,  if  it  can  be  obtained,  and  my  only 
reason  for  not  persevering  in  the  use  of  steel  was  the  difficulty  of 
getting  it  of  suitable  quality.    There  can  be  no  question  that 
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wrought  iron  is  too  soft,  and  that  brass  is  still  more  objectionable 
than  wrought  iron,  and  if  we  can  onlj  obtain  with  certainty  and 
uniformity,  steel  of  the  proper  quality,  there  can  be  no  question 
as  to  the  expediency  of  using  it.  Now  no  one  has  any  right  to 
appropriate  to  himself  the  merit  of  applying  steel  to  this  particu- 
lar purpose  ;  the  merit  of  its  application  must  rest  with  the  manu- 
facturer who  produces  a  satisfactory  article." 

1 038,  Considering  the  foregoing  letter  of  Sir  William  to  Cap- 
tain Blakely,  disclaiming  the  use  of  steel,  and  the  fact  that  Sir 
William,  during  an  expenditure  of  twelve  and  a  half  million  dol- 
lars on  his  plant  and  gun,  failed,  if  he  did  not  neglect  to  develop 
the  use  of  steel  while  other  manufacturers  did  use  steel  success- 
fully,^ and  the  fact  that  he  has  on  several  occasions  disclaimed 
the  use  of  hoops  with  definite  initial  tension,  might  lead  to  the 
impression  that  he  may  have  wasted  some  public*  money  on  the 
less  approved  system,  for  the  purpose  of  protecting  himself  against 
Captain  Blakely  and  other  prior  inventors. 

1039.  What  Sir  William  Armstrong  more  specifically  claims 
as  his  improvement  (his  patents,  by  special  orders  of  the  Govern- 
ment have  never  been  made  public)  is  thus  stated  by  him  before 
the  same  committee  (1863)  :  "Now  the  peculiarity  of  that  gun 
was  not  its  being  merely  a  built-up  gun,  because  built-up  guns 
are  of  very  ancient  date.  In  fact,  I  have  no  doubt  that  the 
original  construction  of  all  guns  was  by  building  up.  It  was  not 
merely  a  hooped  gun,  that  is  to  say,  a  gun  strengthened  by  rings, 
because  rings  give  only  circumferential  strength,  and  no  longitu- 
dinal strength ;  hut  that  giin  was  peculiar  in  being  mainly  com- 
posed of  tubes,  or  pipes^  or  cylinders^  formed  by  coilifig  spirally 
long  bars  of  iron  into  tttbeSy  cmd  welding  them  vpon  the  edges  as 
is  done  in  gun-barrels.  Now,  whether  any  one  had  conceived 
that  idea  before  is  beyond  my  power  to  say,  but  I  feel  assured 
that  no  gun  up  to  that  time  had  been  actually  made  upon  that 
principle,  the  whole  difficulty  lying  in  the  making.  It  is  very 
easy  now,  with  all  our  knowledge  and  experience,  to  define  how 

*  Commander  Soott  stated  before  the  Ordnanoe  Ck>mmittee  of  1863,  that  Erupp's 
steel  had  never  been  tried  for  inner  tubes. 
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Bach  coUb  are  to  be  made ;  but  at  that  period  (1855)  it  was  very 
difficult  to  accompliflh,  and  it  was  not  until  I  had  made  very 
many  unsuccessM  attempts,  that  I  succeeded  in  satisfactorily 
carrying  it  out." 

14I40,  As  to  the  originality  of  this  part  of  Sir  William  Arm- 
strong's gun,  it  is  only  necessary  to  quote  Professor  Treadwell's 
account,  published  in  1845,  of  the  construction  of  guns  proposed 
by  him  in  1840,  twelve  years  before  Sir  William's  experiments 
began.* 

1041.  Professor  TreadweU  saysrt  ♦  ♦  *  "I  determined, 
between  four  and  five  years  ago,  to  attempt  to  apply  it  [the  prin- 
ciple of  constructing  cannon  by  directing  the  fibres — ^the  great^t 
strength  of  the  metal — ^round  the  bore],  practically,  to  the  fabrica- 
tion of  cannon.      My  first  attemptw  as  to  make  a  4-pounder 


'  *  In  ft  note  on  page  T  of  a  pamphlet  entitled,  "  On  the  Construction  of  ImproYed  Ord- 
nanoe,'*  1862,  Professor  TreadweU  says  :^'*  When  I  first  read  an  aooount  of  the 
method  followed  hy  Armstrong  in  constructing  his  gun,  although  I  saw  at  once  the 
exact  resemblanoe  of  it  to  the  method  invented  bj  me  in  1 840-44,  yet  not  being  aware 
of  the  fact  that  the  speciflcation  of  my  English  patent  bad  been  published  m  exfeiuo, 
I  thought  it  might  be  that  Armstrong  had  reinvented  my  form  of  gun,  and  the 
machinery  required  to  produce  it  But  since  writing  this  letter  I  have  looked  into 
that  great  work.  "  The  Enj^lish  Printed  SpeciOcations,"  a  copy  of  which  is  in  the 
Burton  Library,  and  I  there  find  that  the  specification  of  my  English  patent,  enroUed 
July  6th,  1844,  No.  10013,  was  printed  in  1854.  This  patent  was  taken  out  in  the 
name  of  Thomas  A  spin  wall,  then  American  Consul  at  London,  who  acted  aa  my  attor- 
ney. The  specification  was  written  by  me  and  transmitted  complete  to  him.  It  occu- 
pies twenty-one  large  printed  pages,  with  full  references  to  elaborate  drawings,  which 
occupy  a  large  folio  plate,  of  the  machinery  used  by  me  in  constructing  the  cannon. 
ABy  one  acquainted  with  what  Armstrong  calls  his  gun,  and  the  mode  of  constructing 
it,  will  find  here  every  thing  relating  to  it  so  far  as  its  stmcture  wiOunU  rifling  attd 
hreechrloading  apparcUun  is  concerned.  There  is  no  difference  whatever  in  the  form  of 
the  construction,  the  mode  of  putting  the  rings  together  within  the  fUmace,  or  the 
tools  and  enginery  required  for  the  work,  except  the  substitution  by  Armstrong,  of  a 
steam-hammer  for  the  hydrostatic  press  used  by  me.  [Professor  TreadweU  of  oonrse 
refers  here  to  the  method  of  makuig  a  single  tube.] 

*'  Now,  Armstrong  has  shown,  by  his  denunciation  of  patents,  to  the  British  Asso- 
ciation, that  he  is  well  read  in  tiie  record  of  them ;  is  it  then  probable  that  this  has 
been  overlooked  by  him?  And  will  the  liigh-minded  and  honorable  men,  the  English 
engineers,  especially  those  who  constitute  the  Institution  of  Civil  Engineers,  suffer  this 
plagiarism  or  piracy,  taking  whichever  of  these  ugly  words  may  best  describe  the  act, 
to  pass  unchallenged  in  England  ?" 

f  "^  short  Account  of  an  Improved  Cannon,  and  of  the  Proeeuea  and  Mdchmery  err^ 
pbyei  in  its  Manvfaeture,  by  Danid  TreadtoeU,^^  1845. 
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cannon,  by  the  best  means  then  at  my  command,  of  rings,  or  short 
hollow  cylinders  joined  together  end  to  end  by  welding.  Each 
ring  was  made  of  several  thinner  rings,  placed  one  over  the  other 
and  welded.  It  will  be  seen,  that,  in  this  case,  as  the  bars  of 
which  the  several  rings  were  formed  were  curved  round  the  cali- 
bre, the  direction  of  the  fibres  herein  shown  to  be  so  essential,  was 
fully  preserved.  I  may  remark  here,  that  this  method  was  subse- 
quently changed  in  some  degree,  by  first  making  a  single  thin 
ring  of  steel,  and  upon  the  outside  of  this,  winding  a  bar  of  iron 
spirally,  as  a  ribbon  is  woifnd  upon  a  block.  This  gun,  although 
imperfectly  made,  withstood  the  action  of  enormous  charges  of 
powder,  and  was  only  burst  by  using  very  superior  powder,  and 
shot  without  windage.  The  fracture  was  made  lengthwise  of  the 
gun,  or  across  the  fibres  of  the  iron ;  and  although  the  welds  (tech- 
nically called  jumps),  which  united  the  rings  to  each  other  end- 
wise, were  most  imperfect,  they  yet  held  together  completely 
against  the  action  of  the  powder.  Two  other  cannon  of  similar 
kind  were  subsequently  made,  one  of  which  yet  remains  uninjured, 
after  having  withstood  many  most  severe  tests.  Having  this  ex- 
perimental proof  of  the  strength  of  cannon  made  in  this  form,  my 
attention  was  next  directed  to  devising  machinery  which  should 
enable  me  to  produce  guns  of  large  size,  with  expedition  and  cer- 
tainty. The  result  was,  the  construction  of  a  hydrostatic  press, 
of  14-inch  piston,  having  a  power  calculated  at  1000  tons,  and 
adapting  to  it  a  variety  of  machinery  by  which  the  rings  can 
be  formed,  and  afterwards  united  together,  with  an  ease  and  expe- 
.  dition,  and  with  a  perfection  in  form  and  freedom  from  flaw  or 
blemish,  altogether  unattainable  by  any  other  means ;  at  the  same 
time  preserving,  in  the  iron,  all  its  strength  and  toughness. 

1043,  ^^  A  description  of  this  elaborate  machinery,  and  the 
use  of  it,  would  not  be  intelligible,  in  detail,  without  drawings. 
Not  is  it  necessary  to  my  present  purpose — which  is  to  show  the 
superiority  of  the  cannon  when  made — ^to  say  more  than  that  a 
number  of  rings  or  short  hollow  cylinders  are  first  formed,  by 
means  of  various  moulds,  dies,  and  sets  connected  with  the  pow- 
erftil  press  before  alluded  to.    The  rings  are  upon  their  inner 
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sides,  atid  to  about  one-third  of  their  thickness,  of  steel ;  the  outer 
portion  being  of  iron,  wound  about  the  inner  steel  ring^  and  the 
whole  welded  together.  They  are  then  joined  together,  end  to 
end,  successively,  by  welding,  thus  forming  a  frustum  of  a  hollow 
cone,  the  hollow  being  cylindrical.  In  giving  form  to  the  cone,  in 
the  press,  its  size  is  determined  by  a  mould  of  great  thickness  and 
strength,  which  encloses  the  heated  portion  of  the  cone,  while  a 
solid  mandrel  occupies  the  hollow  cylinder,  the  force  of  the  press 
being  applied  to  sets  upon  its  ends.  The  pores  of  the  metal  are 
therefore  closed,  and  the  metal  condensed  to  a  degree  not  to  be 
attained  by  the  hammer.  By  turning  and  boring,  this  irustum 
of  a  cone  is  formed  into  the  cannon,  the  breech  being  closed  by  a 
screw-plug,  and  the  trunnions  fixed  upon  a  band,  which  is  likewise 
screwed  upon  the  outside  of  the  gun.  The  trunnion-band  and 
trunnions  are  formed,  like  the  cannon,  by  machinery  moved  by 
the  hydrostatic  press." 

1043.  Professor  Treadwell  then  gives  an  account  of  the  trial 
and  remarkable  endurance  of  several  of  his  guns  ordered  by  the 
Navy  Department. 

PARROn,  186L 

1044.  Robert  P.  ParroU's  Speclllcatlan  of  IJiilted  folates 
Patent,  dated  Oct.  1, 1861, — ^^  To  all  whom  it  may  concern  :  Be 
it  known,  that  I,  Robert  P.  Parrott,  of  Cold  Spring,  in  the  county 
of  Putnam,  and  State  of  New  York,  have  invented  a  new  and 
useM  improvement  in  the  manufacture  of  Ordnance ;  and  I  do  . 
hereby  declare,  that  the  following  is  a  full,  dear,  and  exact 
description  of  the  same,  reference  being  had  to  the  accompanying 
drawings  forming  part  of  the  specification,  in  which  Fig.  1*  is  a 
central  longitudinal  section  of  a  cannon,  and  Fig.  2  a  transverse 
section  of  the  same.  Similar  letters  of  reference  indicate  corre- 
sponding parts  in  both  figures. 

104«S.  "  This  invention  relates  to  the  application  of  a  wrought- 

*  Fig.  430  only  differs  from  this  drawing  in  haying  a  differently  shaped  ofwcftbp] 
and  no  muzzle-^weU. 
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iron  reinforce  to  a  gun  having  its  body  or 
main  portion  of  cast  iron ;  and  it  consists  in 
a  peculiar  mode  of  shrinking  the  reinforce 
on  the  body,  whereby  the  heating  and  ex- 
pansion of  the  body,  in  a  very  high  degree, 
by  heat  communicated  to  it  from  the  rein- 
force, is  prevented,  and  the  reinforce  is 
caused  to  be  drawn  equally  close  all  round 
the  body. 

^^To  enable  others  skilled  in  the  art  to 
apply  my  invention  to  practice,  I  will  pro- 
ceed to  explain  the  manner  in  which  it  is 
performed. 

1046.  ''The  cast-iron  main  portion  or 
body.  A,  is  or  may  be  made  like  any  cast- 
iron  gun,  either  with  its  breech  a  part  of 
the  same  casting,  like  a  gun  of  the  ordinary 
kind,  or  with  a  breech  made  of  a  separate 
piece  or  pieces  of  metal,  either  permanently 
secured  to  the  body,  for  loading  at  the  muz- 
zle, or  movable,  to  provide  for  loading  at  the 
breech ;  or,  what  I  have  called  the  body,  to 
distinguish  it  from  the  reinforce,  may  be  a 
cast-iron  gun  which  has  been  already  finished 
for  use,  but  requires  strengthening  to  enable 
it  to  carry  heavier  projectiles  than  those  for 
which  it  was  originally  intended ;  or  a  cast- 
iron  gun,  which,  not  having  been  originally 
intended  for  a  rifled  gun,  has  been  weakened 
by  rifling. 

1047.  "The  wrought-iron  reinforce,  B, 
may  be  made  in  various  ways,  but  that  which 
I  consider  the  best,  is  to  take  a  bar  of  square 
iron  of  proper  dimensions,  coil  it  spindly 
upon  a  mandrel,  then  heat  it  to  a  welding 
heat,  and  place  it  in  a  strong  cast-iron  cylin- 


430. 
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der  and  hammer  it  endwise  till  the  coils  are  welded  together  and 
a  round  hollow  wrought-iron  cylinder  is  formed.  The  cylinder 
thus  forged  is  to  be  bored,  and  turned  in  a  lathe  to  the  proper  size 
and  thickness. 

'^  The  body  A  having  been  previously  bored,  has  that  portion 
of  its  exterior  which  is  to  receive  the  reinforce  turned  to  a  .cylin- 
drical form,  and  of  a  diameter  about  one-sixteenth  of  an  inch  to 
the  foot  larger  than  the  diameter  which  the  interior  of  the  rein- 
force has  in  a  cold  state.  It  is  .then  placed  in  a  horizontal  or 
nearly  horizontal  position,  upon  suitable  supports  or  bearings, 
which  permit  it  to  be  rotated  on  its  axis  or  rolled,  and  which  will 
permit  the  reinforce  to  be  put  on  when  sufficiently  expanded  by 
heating  it ;  and  a  pipe  is  introduced  through  the  muzzle  for  the 
purpose  of  conveying  a  constant  and  copious  stream  of  cold  water 
to  the  bottom  of  the  bore.  When  the  reinforce  has  been  properly 
heated,  and  so  expanded,  to  enable  it  to  pass  loosely  on  to  the  body, 
it  is  placed  in  its  proper  position  thereon,  and  cold  water  is  intro- 
duced into  the  bore  by  the  aforesaid  pipe,  and  the  body  is  rotated 
on  its  axis.  By  this  rotary  movement  the  reinforce,  while  hang- 
ing loosely  on  the  body,  is  prevented  from  remaining  in  contact 
therewith  at  one  point,  and  so  prevented  from  cooling  first  at  one 
part,  which  would  be  the  case  if  I  let  it  remain  hanging  with  one 
part  only  in  contact  with  the  body,  and  which  would  set  the  rein- 
force at  that  part  and  prevent  it  from  being  drawn  equally  dose 
at  all  points  round  the  body.  By  the  introduction  of  the  stream 
of  water,  which  runs  out  at  the  muzzle  of  the  gun,  the  heat  im- 
parted to  the  body  from  the  reinforce  is  carried  off  and  the  body 
prevented  from  being  thereby  materially  expanded,  and  so  lessen- 
ing the  pinch  or  force  with  which  the  reinforce  binds  finally 
upon  it.  As  soon  as  the  reinforce  is  found  to  bind  upon  the  body, 
I  cover  it  with  sand  or  other  material  which  is  a  good  non-con- 
ductor of  heat,  continuing  the  flow  of  water  through  the  body  until 
the  entire  gun  is  cold.  The  object  of  so  covering  up  the  reinforce, 
is  to  prevent  the  outer  portion  from  cooling  and  contracting  quici- 
er  than  the  inner  portion,  and  to  cause  it  to  be  cooled  from  the 
interior,  by  which  it  is  made  to  bind  more  firmly  on  the  body. 
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lIMLiS.  ^'  What  I  claim  as  my  invention,  and  desire  to  secure 
bj  letters  patent,  is: 

"  The  within-described  mode  of  shrinking  the  wronght-iron  re- 
inforce, upon  the  cast-iron  body,  of  a  piece  of  ordnance,  that  is  to 
say,  by  rotating  the  body  while  water  is  introduced  into  the  bore. 

"RoBBET   P.    PaBROTI." 

1049.  Pabeott's  Patent  of  1862.— On  the  6th  of  May,  1862, 
Captain  Parrott  obtained  another  patent  for  ^'Improvement  in 
Hooped  Ordnance,"  in  which  he  specifies  the  above-described 
manner  of  putting  on  the  hoops,  and  certain  other  proportions 
and  parts,  as  follows  :***<<!  make  the  thickness  of  this 
reinforce,  when  finished,  by  boring  the  interior  and  turning  the 
exterior,  about  equal  to  from  iV  to  tV  of  the  calibre  of  the  gun, 
and  its  length  sufficient  to  cover  the  usual  charge  of  powder,  and 
make  it  extend  a  distance  about  equal  to  one  calibre  in  rear  of 
the  bottom  of  the  bore,  that  is  to  say,  the  inner  face  of  the  breech, 
and  a  distance  about  equal  to  one  calibre  in  front  of  the  charge 
of  powder." 

lOSOm  The  inventor  then  mentions  a  number  of  pins  screwed 
through  the  hoop  into  the  gun,  to  hold  the  former  in  place, 
and  describes  a  breech-plug  having  two  diameters,  the  larger 
diameter  screwed  into  an  enlargement  of  the  rear  of  the  bore, 
and  the  smaller  diameter  extending  forward  into  the  bore,  but 
not  screwed. 

The  reason  assigned  for  this  practice  is  as  follows :  "  I  believe 
that  owing  to  the  rigid  connection  made  between  the  bottom  and 
sides,  or  cylindrical  portion  of  the  bore,  in  such  guns,  great  strain 
is  thrown  upon  the  centre  of  the  bottom,  and  at  the  junction  of 
the  bottom  and  sides."* 

14151.  The  inventor  does  *'not  claim,  broadh^  the  reinforce- 
ment of  a  cast-iron  gun  with  a  band  of  wrought-iron,  when  such 
band  and  the  body  of  the  gun  are  not  proportioned  to  each  other, 
and  the  reinforce  does  not  occupy  a  position  on  the  body  sub- 
stantially, as  herein  set  forth. 

*  Captain  Parrott  has  not,  as  yet,  used  this  breech-plng  for  service  guns. 
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'^  Nor  do  I  claim  fitting  a  gun  with  a  screw-plug,  wl^sn  sack 
ping  IB  movable  for  breech-loading,  and  oflea  without  a  wrought- 
iron  reinforce. 

^^  But  what  I  claim  aa  my  invention,  and  desire  to  secore  bj 
letters  patent,  is : 

^^  A  gun  made  as  herein  shown  and  described : 

^'  The  arrangement  of  the  screw-plug  C,  oonstmcted  as  shown, 
with  the  said  gun,  as  herein  set  forth.'* 


HOW   GUNS    BURST. 
BY  NORMAK  WIARD,  ESQ.* 

14I89.  ^^  When  gunpowder  is  fired  from  a  gun,  two  prominent 
phenomena  are  to  be  observed ;  the  wonderful  expansive  force 
which  ejects  the  shot,  and  the  heat  which  results  from  the  com- 
bustion of  the  powder. 

^^  Let  us  exhibit  the  effect  of  heat  on  metals  by  a  familiar  ex- 

FlO.  431. 
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periment  Pour  boiling  water  into  a  glass  tumbler;  the  heat, 
communicating  more  quickly  to  the  thin  sides  than  to  the  thick 
bottom,  breaks  the  glass  from  unequal  expansion.  If  we  wish 
the  tumbler  to  withstand  the  sudden  communication  of  heat,  we 
must  make  it  everywhere  thin  alike,  so  that  the  heat  may  pass 
through  it  uniformly  and  quickly.  Hot  water  may  then  be 
poured  into  it  with  impunity.     ♦     ♦    ♦ 

*  "Great  Guns;  the  cause  of  their  failure^  and  the  tme  method  of  oooatniotiag 
them.*'— Norman  Wiard,  1863. 
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lHjIS*  "Now,  this  nneqaal  commanication  of  heat,  has  a 
similar  effect  upon  large  gans.  This  may,  also,  be  illustrated  by 
a  glass  model  of  a  gun  (Fig.  483),  which,  although  strong  enough 


to  widistand  a  pressure  on  the  inner  surface  of  400  pounds  to  the 
inch,  would  be  broken  by  the  insertion  of  a  heated  rod  of  iron  of 
smaller  diameter  than  the  bore,  even  though  so  inserted,  as  not 
to  come  in  contact  with  its  sides,  and  not  accompanied  by  any 
pressure  against  the  surface.  *  *  *  If,  however,  after  wait- 
ing a  time  for  the  modd  to  he  slowly  heated  throiLghout  its  whole 
rncus,  the  outer  surface  of  the  gun  be  touched  by  the  wetted 
iinger,  the  evaporation  of  the  moisture  will  make  the  heat  suf- 
ficiently unequal,  and  the  model  will  break.  This  example  may 
exhibit  the  direct  cause  of  the  bursting  of  the  100-pounder  Par- 
rott  gun,  on  the  steamer  Naugatuck,  on  the  James  Biver,  before 
Fort  Darling,  when  other  guns  of  the  same  kind  on  the  steamer 
Oalena,  though  tired  with  great  rapidity,  and  oftener,  did  not 
burst;  all  of  which  may  be  accounted  for,  by  the  fact  that  it  was 
raining  at  the  time,  and  that  the  gun  of  the  Naugatuck  being  on 
the  upper  deck  and  exposed  to  the  rain,  was  subjected  to  a  more 
unequal  heating,  than  the  guns  of  the  Galena,  which  were  be- 
tween decks.  I  have  stated  that  guns  are  more  likely  to  burst 
when  fired  on  cold  or  rainy  days,  and  offer  the  following  ex- 
amples in  corroboration  :  first,  two  large  steel  guns,  of  my  fabri- 
cation, burst  under  such  circumstances,  then  this  example  of  the 
gun  on  the  Naugatuck,  and  two  guns,  referred  to  in  the  Table,* 
are  among  many  other  similar  cases  I  have  noticed. 

*  Mr.  Wiard  oonstruotB  a  table  fltxm  experiments  recorded  by  Captain  Rodman, 
showing  a  much  greater  endurance  of  guns  with  proof  rounds,  in  fair  than  in  ramjr 
weather. 


•imilar  cflTeot  opoo  Imrgv  fjiuh.    This  maj,  aIms  be  illostnitcd  by 
a  gUfts  model  of  a  gun  (Fig.  433),  which,  although  atrong  enough 


to  withi^tand  a  preMure  on  the  inner  surfare  of  400  pounds  to  the 
inch,  would  lie  bmken  bj  the  in«ertion  of  a  heated  mm]  of  iron  of 
ftinaller  diameter  than  the  bore^  even  though  so  ini^rted,  as  not 
to  come  in  contact  with  its  sidc^s  and  not  accoinpaniiMl  by  any 
prcw«ure  apiinni  tlie  surface.  •  •  •  If,  however,  after  wait- 
ing a  iUin3  y*'r  fk^  ffitttM  to  /v  §lawly  lutUr^i  iArou4/Aou4  its  %thi)U 
miMMM^  the  outer  »iirf)ic*e  of  the  Kun  l>e  touchtnl  by  tlie  wetttnl 
tin^T,  the  eva|H>nition  of  the  nloi^tu^e  will  make  the  heat  suf- 
ficiently unei{ual,  and  the  niiMicl  will  break.  This  example  may 
exhibit  the  direct  caune  of  the  bursting  of  the  KM)  |N»undcr  Par- 
n>tt  jirun,  on  the  htramer  Naupituck,  on  the  Jamtii  River,  Wfore 
Fort  Darlintr,  when  other  guns  of  the  same  kind  (»n  the  M(*mmer 
Ctnlcna,  tli.»ii;r||  firiMl  with  gn^at  rapidity,  and  oftencr,  did  not 
burnt;  all  of  which  may  be  a4*c(»untc4l  for,  by  the  fact  that  it  was 
raining  at  the  time,  and  that  the  gun  of  the  Naugatuck  lN*in^  on 
the  uj»|K»r  dtN-k  and  ex|><»MMl  to  ti»e  rain,  wa*  iiul>jci*ttHl  to  a  more 
nn<'4}ual  lit*atin;r,  than  tlie  gunn  of  the  (talcna,  whif*h  were  lie- 
tw(«en  dc<k«.  I  have  ttatcd  that  guns  are  more  lihhjto  hurai 
when  finil  on  ciJd  ut  rainy  dayn,  and  offer  the  following  ex- 
aropli^  in  c«»rr«»lMinition  :  fin»t«  tno  large  M4x«I  gun^s  of  my  fabri- 
cation, bur^t  uti«!<*r  such  cin*um*>tamn*«,  then  thi*  example  of  the 
gun  <»n  the  Naugatuck,  and  two  (runs,  referred  t4>  in  the  Table,* 
an«  amt^ntr  many  oth«T  similar  caM*«  I  have  m^ticeil. 

*  Mr.  Wur«i  €*ftfiry^\M  a  Ul-W  fb^  •tf^t.i^t.u  r^-v^U-l  (•▼  PAfiUai   ItndaMa* 
■^x>wtr.#  ft  ID  .  K  fmfti»r  ^odnrman*  *ii  g-.u*  m  tb  pr*tf/  rtpii  U    m  ttuf  IhMi  ta  runy 
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I<lff4«  ^' There  being  two  forces  actiDg  upon  the  guns  which 
burst,  one  the  direct  pressure  of  the  gases  evolved  from  the  pow- 
der, and  the  other  resulting  from  the  expansion  of  the  inner  metal 
of  the  gun,  both  forces  acting  in  the  same  direction,  and  nearly 
at  the  same  time,  it  would  seem  difficult  to  show  one  to  be  pre- 
eminently the  cause  of  the  fracture.     *    *    * 

109«S«  ^'  The  fractures  of  large  guns  upon  improved  models, 
with  a  light  chase  and  heavy  reinforce,  that  have  burst  with  the 
service  chaises,  are  curiously  alike  in  their  direction,  running 
through  the  centre  of  the  breech  and  reinforce,  to  a  point  usually 
forward  of  the  trunnions,  and  branching  off  at  either  side,  gener- 
ally breaking  the  gun  into  three  great  pieces.  This  direction  of 
fracture  holds,  whether  the  gun  has  the  outlines  of  the  army  Ck>lum- 
biad  (Fig.  434),  of  the  Dahlgren  gun  (Fig.  435),  or  of  the  Parrott 
gun  with  its  strong  wrought-iron  reinforce,  and  whether  the  gun 
be  made  of  steel  or  of  cast  iron.  It  would  scarcely  be  expected, 
when  the  Dahlgren  guns  burst,  with  this  great  thickness  of  metal 
about  the  breech,  that  the  fracture  would  occur  through  the  cas- 
cabel,  where  the  metal  has  more  than  twice  the  thickness  eichib- 
ited  in  the  army  Columbiad,  but  this  principal  direction  is 
usually  the  result. 

FlO.  434 


rS^ 


10«S6.  ^^  Guns  sometimes  exhibit  additional  fr'actures  to  those 
represented  above,  and  this  occurs  when  the  thickness  of  metal'  is 
continued  further  forward  towards  the  muzzle  (Fig.  436),  having 
the  same  effect  as  if  a  tire,  or  strong  band,  were  placed  upon  the 
gun  at  the  place  where  the  fracture  usually  branches  off  to  either 
side,  thus  delaying  the  longitudinal  fracture  until  the  expansion 
lengthwise  of  the  inner  metal  is  greater  than  the  elasiicity  and 
ductility  of  the  reinforce,  when  the  cross  fracture  occurs.  It 
may  be  said,  then,  in  brief,  that  the  fractures  at  right  angles  to 
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the  plane  of  the  bore  are  caused  by  the  lengthenmg  of  the  inner 
metal  about  the  bore  by  heat,  while  the  outer  metal  remains  the 
same  length,  or  with  less  expansion  of  length,  until  ruptured, 
and  that  longitudinal  fractures  are  due  jyrinoijHiUy  to  the  enlarge- 


FlO.  436. 


ment  of  the  inner  metal  by  heat  in  the  direction  of  the  diameter, 
or  radialli/.  If  the  gun  be  parallel  all  the  way  to  the  muzzle  the 
cross  jfractures  will  occur  more  frequently  along  the  reinforce, 
because  in  that  part  it  is  exposed  to  the  highest  temperature,  and, 
consequently,  the  greatest  expansion  of  length.    *    *    * 

"  It  is  a  corroboration  of  this  theory  that  the  guns  of  the  Dahl- 
gren  model,  with  more  than  double  the  thickness  of  metal  behind 
the  chamber,  though  made  of  the  strongest  material,  should  break 
in  the  same  direction,  forward  of  the  trunnions,  but  sometimes  ex- 
hibit only  cross  fractures  (when  made  of  cast  iron)  to  the  rear  of  the 

FlO.  436. 


trunnions.  It  is  evident  that  the  model  is  best  in  which  the 
direction  of  the  fracture  is  least  uniform,  but  a  properly  con- 
structed gun  should  not  burst  at  all. 

1097.  "The  gun,  however,  is  usually  broken  through  the 
breech — the  strongest  part  of  the  gun — and  beyond  the  range  of 
the  pressure,  which  is,  of  course,  limited  to  the  bottom  of  the  bore 
or  chamber.  The  diagram  (Fig.  437)  in  Captain  Bodman's 
book^  p.  43,  exhibiting  the  various  kinds  of  strain  to  which  a  gun  is 
subjected  at  each  discharge,  considers  the  gun  as  if  made  up  of 
staves,  and  really  exhibits  only  the  strain  fix>m  the  expansive  force 
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or  direct  pressure  of  the  powder,  bending  the  staves  outward; 
and  page  47  of  the  same  book,  by  diagram  (Fig.  438),  the  direc- 
tion of  fracture  due  to  such  strain,  not  through  the  breech,  bat 
running  at  an  angle  to  the  plane  of  the  bore. 

Fig.  437. 


] 
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19SS.  "  To  show  that  it  is  improbable  that  the  direct  pres- 
sure of  the  powder  should  be  the  cause  of  fracture,  as  exhibited 
by  the  gun  actually  broken  by  firing,  prepare  three  plates  of 
metal,  say  4  inches  thick,  12  inches  wide,  and  60  inches  long, 
with  plane  surfaces ;  the  middle  one,  on  being  heated  to  1600^, 
will  be  found  expanded  one-sixtieth  part  of  its  length,  or  will  be 
61  inches  long.  On  placing  it  between  the  other  two  (Fig.  439), 
a  part  of  its  heat  is  immediately  communicated  to  their  con- 
tiguous surfaces  only.     The  expansion  of  one  surface  of  the  out- 


s 
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side  plates,  while  the  other  surfaces  remain  cold,  warps  the  latter 

to  the  form  of  a  segment  of  a  circle.    Now,  supposing  them 

placed  upon  the  diagram  of  a  burst  gun  (Fig.  440),  the  centre 

Pj^  ^jg  metal  of  whidi  has  been  heated  by  the 

£^^^^ ■ — ' — ^    combustion  of  powder,  it  is  evident  that 

I  the  fracture  in  the  particular  direction 

r—  — \    exhibited  must  have  resulted  from  the 

"^  unequal  expansion  of  the  gun  by  heat, 

and  a  diagram  exhibiting  these  curves,  the  result  of  this  expan- 
sion, will  be  exactly  the  opposite  of  the  curves  on  the  diagram 
by  Eodman,  and  will  account  for  the  breaking  of  the  gun 
through  the  breech,  beyond  the  range  of  the  pressure  made  by 
the  powder  (Fig.  441). 
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''The  following  diagrams  (Figs.  442  and  443)  exhibit  the 
effects  of  expansion  of  the  inner  metal  by  wedges,  the  drawing 
exhibits  a  section  of  the  metal  of  a  gun,  with  dovetail  notches 
cut  along  the  surface  of  the  bore.    Upon  driving  wedges  into 


•, — .-^^ 


the  notches  the  mnzzle  would  be  expanded,  as  shown  by  the 
dotted  lines.  If  a  band  were  put  upon  the  muzzle,  the  fracture 
nearest  the  muzzle  and  the  one  through  the  cascabel  would  be 
most  likely  to  occur  first.    If  the  band  were  placed  over  the  first- 

Pia.  441. 
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mentioned  fracture,  and  the  wedges  along  the  reinforce  and  at 
the  bottom  of  the  bore  driven  most,  as  the  heat  is  most  intense 
at  the  bottom  of  the  bore,  cross  fractures  of  the  reinforce  would 
be  the  result,  as  shown  in  the  diagram.     As  the  heat  expands 


FlO.  442. 


the  metal  in  the  direction  of  the  diameter  also,  its  effect  in  this 
direction  also  must  be  considered.  The  expansion  of  length, 
however,  is  of  most  consequence  in  considering  the  probable 
direction  of  fracture. 

10«S9.  "That  the  fracture  almost  always  intersects  the  vent 
has  been  heretofore  referred  to  the  weakness  resulting  from 
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drilling  away  part  of  tlie  metal,  but  on  page  866,  Major  Wade's 
Eeports  on  Metak  for  Ouns,  we  find  that  after  a  gnn  had  been 
put  to  extreme  proof,  and  ex^bited  signs  of  firacture,  a  hole  was 

Fig.  443. 


drilled  one  inch  forward  of  the  base-ring,  and  fonr  inches  from 
the  line  of  the  vent,  to  a  depth  of  fonr  inches,  and  of  the  dia- 
meter of  one  and  a  quarter  inches.  The  gun  was  then  fired  with 
double  charges  of  powder,  and  with  a  bore  full  of  balls  and 
wads,  eleven  times,  to  bursting.    Although  the  piece  burst  into 

Fig.  444.  Fig.  446. 


more  than  twelve  fragments,  one  of  the  fractures  intersecting 
the  vent,  it  did  not  split  through  the  large  hole,  showing  that  the 
gun  had  strength  to  resist  the  pressure  of  the  powder,  but  burst, 
notwithstanding  the  drilling  away  of  so  large  a  part  of  the  metal, 
from  the  communication  of  heat.  The  true  cause,  probably,  of 
the  intersection  of  the  vent  by  the  fracture,  was  the  communica- 
tion of  heat  to  the  surface  of  the  vent,  thereby  expanding  a 
column  of  metal  about  it,  for  it  should  be  recollected  that  the 
passage  of  a  large  quantity  of  gases  through  the  vent  would 
communicate  more  heat  to  its  surface  than  would  be  com- 
municated if  there  were  no  current,  but  the  capacity  of  the  vent 
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only  filled ;  in  that  case  not  much  heat  would  be  supplied  to  the 
surface,  because  the  quantity  contained  within  the  vent  would  be 
smalL 

1060*  ^^But  in  this  example,  as  in  all  others,  as  is  well 
known  to  ordnance  inspectors,  the  fracture  began  to  exhibit 
itself  on  the  interior  surface  of  the  bore.  This  would  seem  to 
prove  that  guns  burst  by  pressure  rather  than  by  expansion  of 
the  inner  metal — as  if  the  inner  metal  were  expanded  by  the 
communication  of  heat  before  the  outer  metal  gave  way — a 
strain  of  coTnpression  resisted  by  the  strength  of  the  outer  metal 
would  rest  upon  the  inner  metal  of  the  gun  that  would  prevent 
fracture ;  and,  undoubtedly,  if  it  ever  occurred  to  an  ordnance 
officer  to  inquire  whether  the  communication  of  heat  to  the  inner 
metal  of  guns  was  the  cause  of  their  failure,  the  beginning  of 
fracture  on  the  inside  would  appear  to  him  an 
argument  against  the  theory.     This  I  consider  Fra^j4«. 

a  critical  point,  but  one  directly  favoring  the      /  >^ 

theory.  *  *  *  The  accompanying  diagram 
(Fig.  446)  exhibits  a  cross-section  of  a  gun  at 
the  point  of  greatest  pressure,  and,  consequently,     V  / 

highest  temperature;  the  surface  of  the  bore  X^^^^^^^,/ 
is  supposed,  in  this  example,  to  be  contin- 
uously exposed  to  the  high  temperature  evolved  from  the  combus- 
tion of  powder  when  its  expansive  force  is  resisted  by  the  inertia 
of  a  heavy  projectile,  or,  as  if  a  fire  were  constantly  burning 
'ioithin  the  gun.  The  space  between  the  curved  lines  represents 
the  place  and  quantity  of  heat  thus  communicated  to  the  metal, 
showing  the  greatest  expansion  immediately  at  the  surface  of 
the  bore.*  But  we  are  to  recollect  that,  in  the  most  rapid 
firing,  the  surface  of  the  bore  is  exposed  to  this  high  tempera- 
ture only  about  one-hundredth  part  of  the  time,  while  during  the 
other  ninety-nine-hundredths  the  heat  of  the  surface  of  the  bore 

*  "To  represent  a  reduction  of  temperature  by  lines  converging  toward  each  other 
I  know  is  not  philosophical,  although  aa  no  conventional  lines  have  been  adopted  to- 
represent  intensity  of  heat  by  their  direction,  and  as  I  have  confidence,  my  meaning 
will  be  understood.    I  hare  chosen  to  use  them  in  this  manner." 

56 
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is  radiating  away.  If  the  diagram  represented  a  gun  of  six 
inches  diameter  of  bore,  and  eight  inches  thickness  of  metal 
abont  the  bore,  the  range  to  which  the  heat  would  penetrate  the 
metal  at  the  first  dischaige  would  be  about  four  inches ;  for  heat 
enters  metal  with  a  velocity  depending  on  the  difference  in 
temperature  of  the  source  from  which  it  flows  and  the  metal  into 
which  it  is  flowing.  The  heat  is  communicated  to  the  small 
surface  of  the  bore,  while  it  is  radiated  from  the  large  outside 
surface  of  the  gun ;  from  this  cause,  if  from  no  other,  the  tem- 
perature would  be  much  higher  within  the  mass  than  on  the 
outside. 

"The  penetration  from  the  first  discharge  being  four  inches, 
it  might  be  supposed  that  the  range  of  the  heat  from  the  next 
discharge  would  be  greater;  but  heat  having  been  communi- 
cated by  the  first  discharge,  the  range  of  the  second  is  less,  from 
the  reduced  difference  of  temperature.  Although,  of  course, 
the  heat  fiows  onward,  its  motion  is  very  slow.  If,  then,  the 
penetration  be  four  inches,  at  the  distance  of  four  inches  from  the 
surface  of  the  bore  the  temperature  wiU  be  comparatively  low, 
but  little  higher  than  that  of  the  metal  at  four  and  a  half  inches 
from  the  surface  of  the  bore.  The  heat,  therefore,  is  conducted 
from  the  point  of  four  to  that  of  four  and  a  half  inches  slowly ; 
more  slowly  from  that  of  four  and  a  half  to  five,  and  with  a 
continually  reduced  and  very  slow  rate  of  motion  to  the  out- 
side. As  the  heat  is  communicated  from  one  inner  stratum 
to  the  stratum  surrounding  it,  for  each  inch  of  the  increasing 
distance  it  travels,  the  mass  of  which  the  temperature  has  to 
be  raised  is  greater  in  circumference  also ;  this  is  another  cause 
of  the  retardation  to  its  motion  outward.  Although  for  ninety- 
nine  hundredths  of  the  whole  time  the  heat  is  radiating  from 
the  surface  of  the  bore,  the  velocity  with  which  it  leaves  is  much 
less  than  the  velocity  with  which  it  is  received,  because  the 
difference  in  the  temperature  of  the  gun  and  the  atmosphere 
occupying  the  bore  is  much  less  than  the  difference  of  tempera- 
ture between  the  metal  of  the  gun  and  the  gases  ejecting  the 
shot  by  their  pressure.      The    atmosDhere   occupying   the   bore 
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receives  the  heat  by  radiation,  in  the  intervals  between  firing 
quickly,  from  the  immediate  surface,  and  less  quickly  a  little 
distance  beyond;  and  so  again  the  heat  flows  from  the  metal 
of  the  gun  with  reduced  velocity  as  the  distance  increases  from 
the  bore,  leaving  the  point  of  highest  temperature  in  the  mass 
of  metal,  but  not  far  from  the  surface  of  the  bore.  (See  Fig.  447.) 
Its  effect  towards  causing  rupture  may  be  illustrated  by  taking 
a  cylinder  of  pine  wood  a  few  inches  in  length  and  a  cross- 
section  like  the  diagram,  and  providing  a  wedge  similar  in  form 
to  a  bayonet  (Tig.  448),  but  truly  tapered  to  a  point  from  a 
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cross-section  at  the  head,  the  same  as  the  lines  representing  the 
place  and  quantity  of  heat  on  the  diagram,  showing  its  effects 
by  intermittent  communication  of  heat.  (Fig.  447.)  If  the  point 
of  this  wedge  be  set  upon  the  end  of  the  wooden  cylinder  at 
the  point  supposed  to  be  the  point  of  greatest  heat,  according 
to  the  theory  above,  and  by  a  blow  driven  into  the  end-wood, 
it  will  penetrate  so  as  to  make  an  impression  like  the  inner 
line  of  the  diagram.  A  second  blow,  driving  it  further  into  the 
wood,  penetrating  as  if  to  the  second  line  of  the  diagram,  and 
expanding  the  wood,  will  cause  a  fracture  inward  toward  the 
surface  of  the  bore  frst  /  a  third  or  fourth  blow  will  split  it  to  the 
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outside.    And  thns  guns  burst,  the  first  fracture  occwrring  on  the 
in^de^  and  afterward  opening  to  the  outer  surface. 

1061.  "It  is  often  noticed  as  a  curious  phenomenon  when 
large  guns  burst,  that  notwithstanding  the  chase  or  forward 
part  of  the  gun,  several  feet  in  length,  may  be  thrown  many 
feet  end  over  end,  the  shot  passes  through  the  chase  the  length 
of  the  bore  without  being  diverted  from  the  direction  of  its  ainu 
This  fact  corroborates  the  theory  under  consideration,  as  it  is 
evident  that  the  shot  is  not  projected  by  the  same  force  that 
bursts  the  gun — ^the  communication  of  heat  to  the  inner  metal 
of  the  gun  requiring  a  longer  interval  of  time,  and  gun  metals 
being  comparatively  non-conductors  of  heat.  In  Bodman, 
Plate  II.,  Fig.  2,  is  shown  the  interior  line  of  fracture  of  a  10-inch 
Columbiad.     (Fig.  450.)    Here  a  thin  bit  of  metal,  indicated  by 


Fra.  450. 


the  line  marked  t^*,  is  shown,  which  seems  nearly  to  envelop 
the  bore.  Nearly  one-half  the  reinforce  was  broken  off  this 
gun  in  the  same  manner  as  chips  break  off  a  stone  door-cap 
when  a  building  is  burning,  but  in  this  example  the  outside  of 
the  stone  is  first  heated  while  the  inside  remains  colder.  The 
outward  ^r«»«^^  of  the  powder  at  the  time  of  this  fracture  would 
surely  have  carried  away  so  thin  a  piece  of  metal ;  but  it  r^nains 
standing  to  show  that  the  pressure  had  been  reduced  before  the  gun 
hrohe — a  remarkable  evidence  of  the  true  cause  of  the  bursting 
of  the  gun.'^    *    *    * 


Lyman's  Aogeleraung  Gun. 
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LYMAN'S  ACCELERATING  GUN. 

1069.  Extract  from  the  patent  Bpecification  of  Azel  S.  Lyman, 
New  York,  for  accelerating  fire-arms  (No.  16568),  Feb.  3,  1857 : 
^'  As  soon  as  the  gun  has  been  fired  and  the  ball  has  passed  the 
chamber,  d  (Fig.  451),  the  fire  in  the  bore,  J,  ignites  the  charges 

Pio.  451. 


Lyman^s  acoelerating  gun.    (From  the  patent.) 

in  the  chambers,  d^  thereby  giving  the  ball  additional  force* 
Before  the  gun  is  to  be  fired,  the  muzzle  is  to  be  covered  with 
some  elastic  material,  t,  and  the  air  to  be  exhausted  by  applying 
an  air-pump  to  the  opening,  ^.     *    *     * 

Claim. — The  employment  of  the  accelerators  or  additional 
charge-chambers  in  the  manner  a^d  for  the  purpose  substantially 
as  described.  I  also  claim  covering  the  muzzle  and  exhausting  the 
air  through  an  appropriate  aperture,  whereby  the  atmospheric 
resistance  is  removed  from  the  front  of  the  projectile  while  passing 
along  the  bore,  as  set  forth." 

1063.  A  small  gun  on  this  plan,  tested  at  New  York  and  else- 
where, was  composed  of  three  heavy  i-in.  rifle-barrels  screwed  into 
chambers  so  as  to  form  a  continuous  tube  about  9  feet  long.  At 
the  breech,  there  was  a  small  chamber  holding  50  grains  of  pow- 
der to  start  the  projectile.  Around  this  was  an  annular  chamber 
containing  400  grains ;  34  in.  farther  forward  there  was  a  cham- 
ber containing  900  grains ;  and  34  in.  farther  another  containing 
750  grains ;  the  muzzle  was  87  in.  beyond  this  last  chamber. 


tubeis  thiiA  rl«^ing  the  vent  IU*rt*reiH*e  to  KijX.  2"^  will  expliuii  the 
cauM;  of  thU  fiiilure,  aiid  Fig.  25  will  illiif^trato  Mr.  Au(k*i>oirrt 
meanji  o(  proTcnting  it — booking  the  tubes  over  one  another  m> 
tbiU  thej  cannot  ulip. 


HOOPING  OLD  UNITKI)  STATES  CAST- 
IRON  GUNS. 


In  S^'ptenilier,  1*^«''3,  it  wai*  re<*«>nimendc4l  by  the  Tuitinl 
SUU^  Army  Onlnanre  B^ianl,  that  'Sn  order  t4>  make  the  24,  32, 
and  42'|Mmnden»  of  the  old  |>attem  reliable  rilled  gun^  the  42- 
]M>under  guns  \tv  baiidiNl,  bu-*be<l,  and  ritliHl ;  and  an  e\|»eriment4»* 
ftliow  tbat  the  32  and  24  |M»un<ier  gunr«  are  reliable  when  riflei],  up 
to  at  Wnt  r»(H)  nmndii,  it  i«*  rfH-«»mmended  that  they  be  rifle^l  and 
bu«}io«l  for  imme^iiate  i^^'r^'it-c." 

Till-*  work  wn«  then  onlered  to  pnK'e^Hl  at  onoe  by  tlie  ivM-retary 
of  War.  antl  an  otfi<»«T  wan  instructed  t4>  in*i>e<'t  all  iiurh  gun*  in 
(vrtuiii  fortii  and  batterie<sthe  examination  tieing  »|ie('ially  diriNied 
to  the  fnllouiiig  (Miinti*: 

**  Nl.  To  aM-ertain,  from  the  re^-onL*  t»f  the  jxwt,  or  other  data, 
how  many  time«»  e.'u'h  ;run  haA  Invn  fire<l  with  M«rvi»ic  chargi>, 

**  2<l.    To  M*e  if  the  l»«ire  iji  a  true  r\  Under. 

**.'h1.    To  *oe  if  the  vent  i*  unduly  enlarp^L 

**4th.  To  •^•e  if  tliere  are  any  other  defe^-tA  which  will  unfit 
them  for  the  w'r>ico  H'^juinMl. 

^  All  the  uMiris  %ihi<'h  ha\e  t)e«*n  fin^l  over  5<m)  roumk;  all  thone 
in  which  the  vuriatioim  in  the  lM>rr  fmm  a  true  c%liiid«T  are  '^k**  or 
inon*;  all  in  uhirli  the  gn*ati*<it  int4*nial  diameter  of  the  %ent  ia  *? 
in.,  or  in  whiih  there  are  other  nulical  def(N*tA«  which«  in  joor 
ju*Lnncnt,  unfit  them  for  tlie  #<*rvi<*e  rexiuired,  will  be  laid  a^^de 
and  •|»t^ially  re|>«»rte4l  <»n."f 

•  T)»r^^  9i\m     t  0»niM  mrfT  «"•.  rflj  o  c«liKtml  M  Xhm  W«|  r«ua  >**'*«.  Irr.  w  •.:.  «•! 


COMPETITIVE    TRIALS   WITH   7-INCH 

C.UNS. 

I##H,  The  triaU  of  theM*  fn^^nn  (607,  laf*t  [uirapuph)  is  not 
yet  coni|ilcte«l.  Tlie  Army  and  Xarij  Gaz*(U  of  July  23d,  18M, 
Miyii : — *^  At  far  a«  Uio  trial  hat  yet  guiit%  tho  coDt4%>t  •cema  to  lie 
lM*twi*en  the  fvrott  and  Lancaster  gans  the  lea<i  coating  of  the 
JefTery  and  Britten  projectiUv  having  pnivcni  uncviual  to  with- 
stand tiie  i^\h.  chargi*ii.  This  qaantity  of  |Miwdrr  a]»pc*art  aluo 
to  liave  blown  off  |N>rti«in8<if  tlie  »tudi  D|Min  tlio  Fn'nrli  ihot«  and 
to  have  (Ninf^idcralily  incn^iUM**!  the  difB<Milty  of  loaiiing  the  Lan- 
caster gun.  The  loHiIni;;  of  the  Fn^ith  gun  h;fi  Invn  gunerally 
easy,  tlmt  of  tin*  Scott  gun,  invariahly  n>. 

Tho  ai-c-iinwy  of  the  Ijin(*ai»t<T  u  ith  lir»n».  chiirgri*  wa*»  \iTy  gtxid 
at  10^  of  c>U'vatii»n,  the  nieiin  ditfcnnce  in  the  range  4>f  tlie  aliot 
being  alK»ut  27  \anl-,  with  a  nn^n  deviation  of  7  yanln;  Scott, 
S<\  with  a  nn  an  deviation  of  9  yardn.  Hut,  on  the  other  hand, 
Sc-otl'g  nuii:^.*  w.iM  nearly  4*^«h»  yard^  to  I^anea^ter'i  4«>hi  yard*. 
At  2'  of  el«-viil*on.  Siitt'n  rantre  of  !••<»<»  yanU  w.u»  l*n  yanln  more 
than  I^n«':i<*t«  r\  ami  lii^  wukkw  ditfrn^ru'e  «»r  ran;:^  a!id  defle<'tion, 
!•)  and  \\  yar*]*  to  Iauu*a»tor*8  20  and  2  yard*  re>i»eetively.*^ 


crrtAia  fr«w«r«,  th«  cake  mU  ibc  loutc  puw4rr  «r«  alike  ia  rtmUtt.     Tm  only  A4vAAbif«s 
ot  the  <Ak<  puw4cr  tccfli  to  W  M  folUtwt  i 

I.  Diapcrulo|  with  the  CArtri<ife-k»|,  a«4  »..it4cttt«  trum  &rc  rcmAiaini  ta  cJm  f«a 

1.  Rc«i«^<nf  the  bttik  «if  «mm«aJtK>«i  to  ckrrr-^uttrtkt  the  uac. 

).  PreventiO|  4iMtin|  in  trampuetAfH>n. 

4.  RcA4cnn|  th«  powder  impcr^is^w  iw  ai«H>tiftf«. 

Tbe  giMS94  4tU  nngUM^  i«rtndfe«  wrv  nrArly  alike  in  retnln. 

It  having  been  %uigrttr4  by  Cap<jin  Ben*  f«  ul  ih«  Ofdnan^e  Defnrtmeat,  to  ovakc  the 
cjrtnige*  imjllef  than  the  Ukc,  tu  m  tu  gite  greater  tpace  fur  ike  ga»o  Co  eipan4,  aa4 
letKn  the  Aref  »h«Ak  on  th«  g«n,  thw  vaa  CTir4,  NovrmWr  )o,  1I61,  wifk  the  ^iUowinf 
mnlts  I 


r.«  J.e 


Hasar«l  Na   7  Powder., 


Il<>i«fa4a. 


HMard  So.  «  Puwirr,  in  Graina., 
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The  cakr«,  it*r*rf  re,  gave   an   m  tia«  vr*  Hit^  greater  bv  7I  feel,  ne  ,^,  aad   a  peY«t«ff« 

on  the  bi>rv  itm  ^v  4o»x>  .U.,  or  ^  (  1.  r  ,  a  grvarer  imt  al  v«l  •«  ity  with  •  ^imimaked  iCrain 
on  the  gvn 

Cocnpar.n^  th«>»e  reia>»  with  Haaard't  Nu.  ^,  trtcd  m  llioi 

Haaafi  S'>    *  |fa.n,  |ni'.*J  Vrl^itv 14*)  Avf.      PrrMnre {  (  (  )0  Iba. 

Cake*,  *»*^'*g»    In.'ial   V^l-^.t^ l)(l     •         ^rrwmfr  l|<»o    •• 

That  a,  t^^  It.*  *4  vri  >« in  of  cake*  H  Icm  by  111  fert,  b«t  the  f«et««r«  m  Um  by  4ll|0 
lh«  ,  •«  th'vr  ••w'tSt  Haaar4  p»wief  ••  n.rw  m^le  ie«a  ^»«ck  than  furnmly,  wkxh  m- 
co«»t*«  ^  the  4>KrYfan«v  in  the  abuvt  rtinia. 


A  ^ 


crrtAio  ffmtmrtf  the  cftk«  Mm4  the  loutc  powacr  arc  alike  ui  rtmUtt.     TIm  only  a4vAAbif«s 
of  cbc  <Akc  puw4cr  tccfli  to  W  m  follow*  i 

I.  Diipcn«io|  with  the  cartridgr-^g,  a«4  a«.ci4cAla  firoai  ftrc  rcavaimog  ia  cJm  f«a 

1.  Rcdvcing  the  bulk  of  «infii«ait>on  Co  thrre-fuoftlM  ch<  tiac 

).  Prrvrntiaf  diuting  in  trantportafioa. 

4.  Rc«4<riog  th«  powder  loifcr^is^w  Iw  muutur*. 

Tbe  §iMMm4  4tU  vngUtcd  lartnigtt  wwrt  Mrarly  alike  ia  retain. 

It  having  Wen  tuggrttrd  by  Cap<jin  Ben«  f,  of  lh«  OfJname  DepartmeaC*  to  avakc  the 
«.jrtTiigr«  imiller  than  the  ^ttr^  ati  a«  to  gite  grr»trr  ipjte  fur  the  ga»o  to  eipaa4,  aad 
lettea  the  iint  ihotk  oa  the  g«a,  ihw  vat  tried,  Noeemker  )o,  1I61,  aritk  the  MIowiaf 

mvlts  I 


|N>».l«r 


Haaaril  No.  7  Powder. 


Uiuai    \ •.-.!« 


Haaard  No.  «  Puwirr,  ia  Craiaa. 
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The  iakr»,  thrrrf  r«,  gave  an  in  tUl  vrl-Kity  greater  by  7I  fort,  ar  ,^,  aad  a  yte—art 
oa  the  ^tr  kM  bv  4ooo  lU.,  ov  ^  )  t.  r,«  a  grvatrr  la'ttal  vel  m.  ity  witk  a  dim.niaked  tCraia 
oa  the  g>in 

Cociif«r.ng  thrM  rrwi't  witk  Haaard*»  No.  7,  trtcd  in  llioi 

HaaAfi  No    *  g«a.n,  Ini*  a1  V'r!  Kifv i4*)AYf.      PrrMnre      ...    <  ( (  )0  lk«. 

Cakrt,  a»rr»gr    Imr  al   V^l  » .tt *)^*     **         Prrwarr  l)(  •>    •• 

Th«t  u,  the  in  *.*\  *r|  •« .n  v«f  i«kr«  h  Icm  bv  111  ^f,  b«t  tke  fcevenre  n  leaa  by  4ll)0 
Ibc.,  «ir  th^erf '«*thi  Haeari  f  >«.irf  •§  n<m  »nie  ie«e  ^»*ck  tkaa  hiraMrly,  arkMk  a<- 
cuunta  fjr  tke  d«Mref«a««  la  the  akov«  raialca. 


]tK*<*ire«  tlio  heat  by  radiation^  in  the  intenraLi  lH*tWiH.*n  firin;: 
quirkivy  fn>rii  tho  inimcMiiute  warfare,  and  h*^8  quickly  a  little 
dijitaiicc  Uncmd;  and  m  apiin  tlie  hoat  fIowi>  fmin  the  nirtui 
of  the  ^un  with  nnluctHl  vehM'ity  an  the  dii%tance  inrn'OM^H  from 
the  Iwre,  leaving:  the  jMjint  of  hi^h<'>t  tein|H*ratun*  in  the  nia»* 
of  nirtul,  hut  not  far  fnmi  the  Rurfiu*o  of  the  Uire.  ^Stt*  Fip.  447.) 
ItA  c'tfiH't  towanU  rauiiin^  rupture  nuiy  In*  illu^trat<*<l  l»y  taking 
a  cylinder  of  pine  woo<l  a  few  inrlni*  in  lenjrth  and  a  er«>t^- 
»4H*tion  like  the  diap*ain,  and  providiiur  a  w^sltr^*  similar  in  form 
to  a  bayonet  (Fig.  44^),  but  truly  ta|»cred  t4i  a  i>oint   fn>m  a 


Flo.  447. 


Flo.  UX 


Rio   44A 


rn»^fU«M'<tion  nt  tin*  h^ad,  the  fuime  m  the  linfw  rrprvwnitin^  the 
pliM*<*  and  quantity  «>f  hrnt  on  the  din;:nini,  »h«>win;.'  it*  I'tfis^t* 
l»V  trJ*  rttttff*  hf  <ftinnt*iNi'rti/nfn  ttf  ]wAt,      iFi^.  4I7.»       If  tl.t*  [Miint 

of  tlii*  wi'^l;:**  !••*  "^'t  nj»<»n  the  end  **(  the  w«»o<h'n  e\linder  at 
tl»e  jioiht  i%nj»j>«»^«<l  to  \m*  tlie  |wiinl  of  jn^'uti'^t  heat,  aif^inlin;? 
to  till*  th«*«>ry  aUiM*,  an«l  hy  a  blow  dnv«  ii  into  the  end-wiMul, 
it  will  ]H>i)rtnite  <mi  a^  to  niuke  an  inipn-^i«>n  lik«*  the  inner 
line  of  ll.c  di.i,nTiin.  A  m»«n»ii«1  Mow,  «lri%  in;:  it  further  into  tlic 
>««mmI,  |M*nt  tr.it in/  m/^  if  to  the  iM«<*ond  line  «if  the  diji^rram,  and 
expandili;:  t!:e  w«mh|,  ir»7/  r»iriv  ti  f'rt'fur,  intr^inl  Unr^inl  ths 
$%irr\u\  vj  thr  U^rr  jifi  ;  a  third  or  fourth  blow  will  uplit  it  to  tb# 


LYMAN'S  ACCELERATINC;   (JUN. 


■  •#9L  Extract  fhim  tlie  |Hitent  ii|)<H*ifi(*mtion  of  Azel  S.  Lyman, 
New  York,  for  ait-eliTatin^  fire-ami*  <N<i.  ITmCs).  Feh.  3,  1S57: 
**  Ah  iMMiti  ail  the  ^un  han  lieen  fired  and  the  Imll  ha«  paiiMMl  the 
cliainlier,  d  l^Fi^.  451),  tlie  fire  in  tlio  b<»n%  &,  igTiit4'««  the  charge* 


rio.  461. 


L.iua4/«  •cnrkfBtiair  ipia.     (Fron  th#  palMit ) 


in  the  clininbcns  'A  thereby  fn^'tof?  the  hall  additional  force. 
Bcf«»ro  the  pin  i«  t4>  )m)  fired,  the  muzzle  iii  to  l>e  covere^l  with 
iM»tiu*  rhi^tii!  material,  i,  and  the  air  to  be  exhauM^Hl  hy  applying 
an  air  pump  to  the  o|iening,  r-.     •     •     • 

Claita.  -The  employment  t>f  tlie  ar<vleraton  or  additiimal 
rharge-4>hamU*n  in  the  manner  and  for  the  puqMH<»  iiuWtantially 
an  dc»^ -rilietL  I  al<H>  claim  cN»%'erin^  the  muzz'.r  and  exhauHtin^  the 
air  through  an  appniprittte  a|>erture,  whereby  the  atmin^pheric 
rei^i-tanco  i^*  removiHl  from  the  fnmt  of  the  pn>jr<-tile  while  [NifoAing 
aloii^  the  li«>re,  a«i  f>et  forth.*^ 

I##S.  A  Miittll  pin  «»n  t)ii«  plan,  tested  at  New  Y<irk  and  el«e- 
when%  wa*  compoKNi  of  thre*e  hi'avy  Jin.  rifle  i»am*U  arrewt-^l  into 
rlmrnU'm  imi  an  t«»  fonn  a  c>>ntinuotui  tu!»t«  aUmt  1^  fe>ei  h^ng.  At 
the  bn^*<'h,  there  wan  a  Mnall  rhaui!»er  hoMiiig  50  |n^iii»  of  pon- 
der to  »tJirt  tiiC  pn>j«'t*tih\  An»iind  tlii*i  wnii  an  annular  rhamlM*r 
containing  4<^*  pain«;  M  in.  farther  forwartl  there  waa  a  chani- 
tier  n*ntaiiiifi^  1^»*»  ^raini« ;  and  34  in.  farther  ant»ther  eontaining 
1W  paiiiB ;  the  moixle  waa  37  in«  beyond  thia  laat  duunber. 


This  gun  fired  a  sharp-pointed  steel  bolt  8  in.  long  and  ^  in.  in 
diameter — weight,  6^  oz. — entirely  through  4  in.  of  ^-in.  plates* 
with  the  above  charge — 4J  oz.  The  average  penetration  in  lami- 
nated armor  composed  of  ^in.  boiler  plates,  was  4^  in. ;  and  4^ 
in.  in  solid  iron. 

A  gun  on  this  system,  with  a  2|^-in.  bore,  rifled  with  one  torn 
in  36  in.,  has  been  recently  constructed.  But  the  system  has  not 
been  adequately  tested,  and  government  officers  have  objected  to 
it  as  dangerous. 


ENDURANCE  OF  PARROTT  AND  WHIT- 
WORTH  GUNS  AT  CHARLESTON. 

1064.  As  to  the  endurance  of  the  Parrott  guns  at  the  siege  of 
Fort  Sumter  (276  A),  General  Gillmore  states  that  one  20-pounder 
was  fired  4606  times  at  an  elevation  of  40^,  without  bursting.  The 
shells  were  fired  nearly  five  miles  from  the  Federal  works  into  the 
city  of  Charleston,  which  accounts  for  the  great  elevation  of  the 
piece. 

General  Gillmore  also  states,  that  out  of  six  200-pounders  and 
seventeen  lOO-pounders,  which  were  expended  by  bursting,  on 
Morris  Island,  four  of  the  former  and  two  of  the  latter  broke,  after 
great  service,  square  ofl^  under  the  wrought-iron  hoop.  One  2<H>- 
pounder  and  seven  lOO-pounders  burst  by  blowing  out  ja*l  in 
front  of  the  hoop.  As  a  rule,  the  guns  had  sufficient  reaistaDce 
to  bursting,  only  three  of  the  hoops  having  split— one  into  three 
pieces  and  the  other  into  two. 

The  obvious  defects  of  the  gun  are,  therefore,  insufficient  length 
of  hoop  and  insufficient  longitudinal  strength.  Both  are  easily 
remedied.  The  resistance  to  bursting  appears  to  be  adequate  to 
the  charges. 

1065.  General  Gillmore  states,  that  at  the  siege  of  Fort  Sum- 
ter (276  A)  two  80-pounder  (called  70-pounder  in  England)  Whit- 
worth  guns  had  less  mean  endurance  than  the  Parrott  gons^  bat 


HooFiNQ  OLD  Cast-ibon  Guns.  887 

that  their  failure  was  due  to  the  slipping  to  the  rear  of  the  inner 
tubes,  thus  closing  the  yent.  Reference  to  Fig.  28  will  explain  the 
cause  of  this  failure,  and  Fig.  25  will  illustrate  Mr.  Anderson's 
means  of  preventing  it — ^hooking  the  tubes  over  one  another  so 
that  thej  cannot  slip. 


HOOPING  OLD  UNITED  STATES  CAST- 
IRON  GUNS. 

1066.  In  September,  1863,  it  was  recommended  by  the  United 
States  Army  Ordnance  Board,  that  "  in  order  to  make  the  24,  32, 
and  42-pounders  of  the  old  pattern  reliable  rifled  guns,  the  42- 
pounder  guns  be  banded,  buslied,  and  rifled ;  and  as  experiments* 
show  that  the  32  and  24-pounder  guns  are  reliable  when  rifled,  up 
to  at  least  500  rounds,  it  is  recommended  that  they  be  rifled  and 
bushed  for  immediate  service." 

This  work  was  then  ordered  to  proceed  at  once  by  the  Secretary 
of  War,  and  an  oi&cer  was  instructed  to  inspect  all  such  guns  in 
certain  forts  and  batteries,  the  examination  being  specially  directed 
to  the  following  points : 

'*  Ist.  To  ascertain,  from  the  records  of  the  post,  or  other  data, 
how  many  timed  each  gun  has  been  fired  with  service  charges. 

"  2d.    To  see  if  the  bore  is  a  true  cylinder. 

"  3d.    To  see  if  the  vent  is  unduly  enlarged. 

"4th.  To  see  if  there  are  any  other  defects  which  will  unfit 
them  for  the  service  required. 

"All  the  guns  which  have  been  fired  over  600  rounds ;  all  those 
in  which  the  variations  in  the  bore  from  a  true  cylinder  are  "05  or 
more ;  all  in  which  the  greatest  internal  diameter  of  the  vent  is  "7 
in.,  or  in  which  there  are  other  radical  defects,  which,  in  your 
judgment,  unfit  them  for  the  service  required,  will  be  laid  aside 
and  specially  reported  on."t 

*  These  experiments  were  chieflj  conducted  at  the  Weet  Point  Foundry,  with  old 
guns  hooped  by  Captain  Parrott 
t  Ordnance  Memonmdai  Na  6. 
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ENDURANCE  AND  ACCURACY  OF  THE 
ARMSTRONG  600-POUNDER 

1067.  "  The  600-poiuider  has  now  fired  about  50  rounds  alto- 
gether, with  charges  from  60  to  70  lbs.,  and  one  charge  of  40  and 
one  of  90  lbs.,  which  last  was  used  with  a  steel  round  ball,  weigh- 
ing 340  lbs.  The  weight  of  the  cast-iron  shot  fired  for  range  is 
about  610  lbs.,  and  the  initial  velocity  obtained  with  70  lbs.  of 
powder  is  1250  feet  per  second.  "With  610  lbs.  steel  projectiles  of 
which  few  have  been  fired,  the  velocity  has  been  nearly  100  feet 
less.  The  accuracy  of  this  powerful  weapon  has  been  very  good, 
its  mean  lateral  diameter  deviations  being  only  1|  yds.  at  1500 
yds.,  8tV  (?)  yds.  at  2300  yds.,  and  3  yds.  at  4000  yds.  range.  With 
an  elevation  of  23°  9'  the  gun  ranged  7300  yds.,  and  the  time  of 
flight  of  the  shot  was  26  seconds. 

"  After  firing,  the  gun  was  carefully  examined  and  found  to 
have  suffered  most  in  the  upper  side  of  the  powder-chamber, 
which  was  covered  with  small  cracks  or  openings,  but,  as  far  as 
could  be  ascertained,  there  is  no  fiaw  of  any  magnitude.  The  gim 
is  expected  to  stand  at  least  100  discharges  (I)  and  may  go  on  to 
300  or  even  500  before  rupturing.  It  is  generally  supposed  that, 
had  the  inner  tube  been  of  soft  steel  instead  of  coiled  iron,  it 
would  have  withstood  the  action  of  the  powder  gases  better."* 

*  *  *  "  Beyond  all  doubt,  however,  the  coils  may  be  said  to 
be  gradually  opening,  and  it  is  only  a  question  whether  or  not 
the  inner  coil  will  stand  a  large  number  of  rounds  before  it  gives 
way.  Once  the  inner  coil  yields,  all  the  others  on  the  outside 
become  useless  until  the  place  of  the  defective  coil  is  supplied 
with  a  tube  of  steel,  as  all  the  modem  Armstrongs  are  now  built 
with."t 

♦  Army  and  Navy  Gazette,  July  23d,  1864. 

f  London  TVmes,  quoted  by  the  Engineer^  July  22d,  1864. 
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Table  CXLVI. — Compabison  or  Pressures  and  YELOcmBS  with  Loose  aid 
Compressed  Powder.  (Doremub  akd  Bcdd's  Compressed  Powdbb.)  Wisr 
Point,  Aug.  29,  1861. 

Cartridges  cylindrical,  and  fitted  the  chamber  accurately.     Diameter,  ^  in.  1cm  tkaa 
the  calibre.     Weight,  i^  Ibt.     The  usual  charge. 

Powder  No.  i,  compressed  to  lo  tons  on  the  entire  surface  of  the  speciincat. 
Powder  No.  7,  compressed  to  30  tons  on  the  entire  surfiKe  of  the  specimens. 
Powder  Nos.  3  and  6,  to  intermediate  pressure. 


Powder. 


Initial 
Velocity. 


M.  In.  < 
Chainb 


Hazard  B,  Loose. 
I 


"  7,  Loose . 
I.... 


Dupont  P,  Loose., 


Glazed  Shel-lac. 
Not    Glazed 


It 

1433 
1499 

1507 

1477 
1274 
145a 

'4*5 
1382 
145a 
148a 
1489 
«393 
149a 
1409 


IbtL 

4*330 
68090 
70000 
70000 
57170 
19490 
68090 
50000 
45000 
50000 
68090 
50000 
40000 
67800 
67800 


36S 

45* 
316 

330 
»39 
*«7 
30s 
a5» 
«H 
aSi 

»99 
284 

a67 

3« 

403 


The  initial  velocity  and  pressure  on  the  chamber  of  the  compressed  powder  were  | 
than  chat  of  the  loose  in  every  case  but  one ;  and  they  increased  with  the  amovnt  of  cooi- 
pression  to  a  certain  point,  and  then  decreased  as  the  pressure  increased,  so  that,  wkh  a 
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AociLKiiATnio  Oirir,  Ltvan's,  1(M2,  KMK. 
Alloys  for  gnn-meul,  soe  Bronse,  SM, 
Aluminium  bronze,  fi06. 
Ames's  wrought-lron  guns,  12d,  129,  481. 
Anderson,  John,  Esq.,  on  Armatrong  system,  402. 
On  ulastlclty  and  ductility  of  cannon  metala, 

see  Elastlcltj;  Ductility. 
On  qualities  uf  guns,  271. 
On  welds,  449. 

On  wroiiffht  iron,  890,  401,  4S7. 
Anneftllnjc  steeC  see  Steel. 
Armor,  see  Chapter  I L  and  Psrt  II. 

American  systems  (see  Armor  Experiments, 

American),  191, 19^  204,  2M)i  202,  268. 
British  systems  (sec  Armor  Ezperlmrnts, 

British),  191,  192, 10^  8»4. 
Baekln);,  199  no'e.  S30,  SM,  b.'i^-S!». 
Best  quality,  2U'2,  212-210.  220,  280,  SOS, 

834. 
Combined,  204,  268. 
Convex  surfaco  stronger,  181  A. 
Destruction  of,  not  the  aim,  210. 
Ductility,  20^  211,  212-216,  2s0. 
Effect  of  shot  ffolnff  through,  20S,  864. 
Fastenim^  192.  194.  204. 
Oun  to  operate  against,  see  Ount. 
Light  targets,  20C  2;»  R 
Lami  nated,  19 1 , 1 94.  1 97. 19a 

Easily  punched.  181  A,  199^19^-202: 
Advantagi-s,  194.  268. 
Strengthens  the  ship,  194, 201 
Project! If s  for  punrhing.  ii>u\  material  for, 

see  Kitting  and  Projectiles. 
Beslstance  tn  projectiles,  we  Velocity  of 
Projectiles;  Aruior,  Solid;  Armor,  Lami- 
nated. 
Bbeils  llrcd  through  (>eo  Ulfllngand  Projec- 
tiles). 226,  281-'^  Table  XXXL 
Solid,  weakens  the  ship,  194. 
Punching;,  202. 
Advantniccs,  202,  208^  280. 
Steel,  218,  2:36,  471. 
Why  necessary.  171,  SIO. 
Work  of,  compiirod  with  cannon,  4T1. 
Experiments  against 

Floating  butteries, SOa 
Bussian.  980. 

American,  Chapter  IL,  also  Part  II.,  Ta- 
bles XX  Vill.  and  XXXL;  sub-call 
bre  shot,  S44:  15-in.  ball,  179,  ISl  A. 
181  B,  868.  !}04.  b86;  11 -in.  ball,  179, 
ISO.  ISl  B,  214.  285  B,  80&-SM,  604, 
800-809,  S71,  S7d,  877,  bSO;  10  in.  ball, 
SOO.  SOI,  S87;  Parrutt  10-ln.  bolt,  181 

A,  861, 862 ;  Parrott  8- In..  8S6 ;  Parrott 
lOO-ponnder,  837,  844 ;  lead  shot,  Ta- 
ble XXXV;  14-ln.  iron,  ISl,  &66:  10- 
in.  iron,  179,  180.  200,  864;  8-ln.iron, 
861 ;  6-ln.  iron,  181  A,  844, 8S0;  O^ln. 
Iron,  867;  44-ln.  Iron,  181  A.  214,  885 

B,  859,  868,  869,  8T1,  876,  880;  4-in. 


iron,  844;  early  experiments,  790; 
Stevens's.  79U,  794,  801,  887 ;  mason- 
ry protected  by  iron,  799;  wire  tar- 
KU  855;  Inclined  armor,  b56-^S; 
cking,  856-859;  rubber,  S66-859, 
87L877;  target  of  bars,  802 ;  Atlan^ 
to,  868;  oak  facing,  876;  UogVhair 
target,  89a 
British,  se«  Tables  XXYin.  and 
XXXL,  Part  IL,  and  Chapter  IL; 
early  experlmenta,  792.  795,  790,  798, 
802 ;  mastmry  protected  bv  iron,  190, 
792.  820,  824;  Warrior  target,  188, 
184. 201, 227,229,  281, 282, 881,  888, 889, 
64^  847 ;  backing,  880, 854;  Cole's  cu- 
pola, 829;  Falrbaim'a  target,  828; 
Koberts's  target,  827 ;  Inclined  plates, 
816,  825;  different  qualities  or  iron, 
828;  8()eclal  Committee,  1861,  821; 
east-iron  blocks,  808;  steel  armor, 
804,  828;  firing  through  water,  265, 
806,  849;  tliln  plates,  790^  812,  840, 
846;  Trmty,  818;  conclusions  up  to 
1862,  884;  "  Committeo"  target,  888, 
889;  Scott  Kussill's  target,  lt>7.  840; 
Samuda's  target,  840;  Minotaur  tar- 

St,  188,  228,  848;  Inglis's  tonri-t,  185, 
0-858;  (Chalmers  target,  189,  880, 
878;  Clark's  target,  875;  BtUeropkon 
target,  189  A.  881,  882 ;  coumressed 
wool  annor,  397 ;  mantelets  for  em- 
brasures. Table  CXLL;  LaFUindre 
target  900;  4-ln.  pUtea,  804.  807-809, 
818,  888,  S89;  4i-ln.  plaUs,  797,  814, 
81^826,  881,838,  88$  889,  845-847, 
aS8,  888 ;  O^-ln.  pUtea,  238,  848,  840, 
870;  6  in.  targi-ts,  832,  8S1.  SS'i;  6f- 
in.  plates  826,  870,  885;  7Mn.  plnte, 
186,  870;  8in.  targets,  810,  822;  10- 
ln.  targets,  819,  &19,  822,  882;  IMn. 
Slate,  181  D,  SS5;  14-ln.  target,  811 ; 
S-ponnders  and  82-ponnders  com- 
poreil,  807-809;  Whitworth  projec- 
tiles, 18:),  1S5.  28L  282,  284,  806,  845, 
846,  852,  858,  S70,  8S1 ;  elongated  find 
spherical  shot  compared,  817;  10^-ln. 
Armstrong  gun,  184,  18.V188,  189 
A,  201,  227.  228,  880,  238.  889,  840, 
843,  858.  870,  S74.  875,  881, 900 ;  IS-in. 
gun,  181  C  and  D.  182,  1S8,  229.  847, 
888-896;  Thi»mss's  9-ln.  gun,  870; 
steel  shot,  887-896^ 
Armstrong  gun. 

Where  and  by  whom  made,  1,  Table  III., 

Table  III.  A. 
Discontinuance  of  manufhrture— causes,  8, 

8,4L 
Number  made.  1.  Table  III. 
Improremcnts  probable,  8,  41.    See  Arm- 
strong Oun,  Defects. 
Workmanship,  llMailties  for,  8w 
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Armstrong  inui. 

Material,  quality,  make  (nee  also  Steel),  4, 

e,408. 
History  and  originality,  1,  2,  Ci,80;  1089- 

1018. 
Principle  of  construction,  44,  488.  484,  4d2. 
Description,  Tables,  I^  III.  A,  &-84,  44,  482, 

488. 
Fabrication,  5-12,  88,  44,  482.    See  Welds. 
Strength  and  endumnce  (see  also  Armstrong 

Gun,  Defects,  Welds),  9,  10,  89-41,  809, 

811,  481-439,  444-44T,  106T. 
Proof,  Id 
Safety,  40,801. 

AdTontaf^es  of  system,  484,  485, 448. 
Defects  of  gnn  and  system,  8,  89, 402,  408, 

44(M^7,  1067.    See  also  Rifling  and  Pro- 
jectiles. 
Breech-ioading,  see  Breech-loading. 
Rifling  and   projectiles,  see  Riumg    and 

Projectiles. 
Ammunition,  Table  IL,  545, 551. 
Initial  tension,  12. 
Cast-iron  ffun  hooped,  91, 809 
Cost,  see  Cost  of  Oans. 
Plant  for  umnuflicture,  Table  lY.,  45& 
Kew  British  gun,  41. 
110-poundcr,  21,  88,   86;  Tables  Y.,  YIL 

See  also  Rifling  and  ProJectllcA. 
150-ponnder  smooth-bore,  29, 82, 444,  446. 
800-pounder  rifle,  29,  82. 
600-poander  rifle,  80,  252, 1067. 
7-inch  gun  for  Mr.  Whltworth,  88,  44^  441, 

444. 
9-inch  gun  for  Mr.  Thomaa,  84, 444. 
Armstron&r,  Sir  William. 

Position  under  GoTemment,  1. 
On  strains  in  guns,  288. 
On  guns  for  long  range  wnrfhre.  252. 
On  strength  of  his  guns,  440,  441. 
On  rifling  and  projectiles,  682,  648^  688w 
Atlanta,  iron-dad,  disabled  by  15-in,  ball,lSl  B. 
Attick^s  bronze  hoop,  10& 
Atwater  gun,  107. 
Bifling,0d2. 


Backiko,  see  Armor,  199  note. 

Barlow,  Peter,  £sn.,  on  strength  of  cylinders,  281. 

Bertram's  gas  velaing,  459. 

Bessemer  steel,  68,  898,  474,  486. 

Guns,  141-144. 

Process,  142,  486. 

In  the  Exhibition  of  1862, 148,487. 
Bidder,  Mr.,  on  rifled  guns,  608L 
Blakely  gun,  55. 

Principles,  66, 69, 61, 

Patent,  1024. 

Early  experimenta,  72,  Table  XL 

Number  made  and  makers,  56. 

Structure,  57-78,  Table  X. 

Fabrication,  60, 61,  68-70. 

Yarying    elasticity,  59,  60.    See   Yarying 
Elasdclty. 

Initial  tension,  69,  60. 

Material,  69-62,  68 

Steels  and  cost  iron  combined,  58,  60. 

Endurance,  66,71. 

Rifling.  67,  Table  X.    See  Rifling  and  Pro- 
Jectflos. 

Ammunition,  67,  Table  X. 

Prices.  Tables  X.,  XXVIl. 

Guns  ror  Massachusetts,  64. 

Guns  for  Confederates,  56, 58, 66, 7& 

12Mn.  rifle,  66. 
Blakely,  Captain  T.  A. 

Connection  with  Improved  ordnanoe,  65, 
1029-1089. 


Blakely,  Captain  T.  A. 

Treatment    by    British    Ooremment,  71. 

1029-1089. 
On  strains  in  large  guns,  221. 
On  strength  of  guns  and  cylinders.  279. 
On  longitudinal  strength  of  guns,  807. 
On  wire-wound  guns,  816. 
On  elasticity,  see  Yarying  Elasticity. 
On  rifling  and  p^ojectile^  619,  657. 
On  the  originality  of  the  Armsirong  gen, 
1029-1089; 
Blunt.  G.  W.,  Esq.,  on  rifled  gons,  609. 
Breaching,  see  Masonry. 
Breech-loading,  Chapter  YL 

Advantages  and  defects  of  the  svstem,  786- 
748. 
The  practice  against  It  for  heavy  guns. 

Opinions  of  Select  Committee  on  Ord- 
nance, 781. 

Material  inadequate,  782. 

Fast  firing,  785-741. 

Convenience  in  turrets,  etc,  742. 
Standard  forms  described,  765. 
Krupn,  767-769. 

Endurance,  769. 
Broadwell,  770. 
Storm,  771. 
Alger,  766. 
Armstrong,  18,  25,  787,  789, 765-764. 

Yent-plecea,  755,  768,  759. 

Side  breech-loader,  760-762. 

Rapidity  of  fire,  785-741,  768. 

Conclusions.,  764. 
French,  778. 

American  origin,  77S. 

Used  in  England,  775. 
Blakely.  778. 
Nasmyth,  779. 
Whltworth,  52,  78L 
Cavalli,  784. 
Clay,  788. 
Wahrendorf,  786. 
Prussian,  786. 
Adams.  787. 

Rapid  firing  by  machinery,  745-754. 
Cooling  guns  By  machinery,  748,  749,  766. 
Loading  by  steam.  750-758. 
Gas-checks,  758,  760,  767,  768,  770,  TTl,  799. 
Screw    breech-loaders,   T66,  766,  778,  778, 

779, 783. 
Wedge  bn^ech  loaders.  760, 767, 770, 784-786. 
Can  breech-loaders,  771,  7Sl. 
Breech-pUig,  82,  44,  50. 
Breech-screw,  Armstrong,  see  Rifling  and  Pro- 

iectiles. 
Breech-strap,  Dablgren,  806. 
British  gun,  new,  41.   Bee  Armstrong  Gun,  Cast- 
iron  Guns. 
Britten,  Bashley,  Esq. 

On  rifled  cannon,  see  Rifling  and  Projectilea. 
On  strains  in  guns,  288^ 
On  rifling  and  projectiles,  684. 
Bronze,  496. 

Properties,  494 

Want  of  unifoi-mity,  497. 

Strength,  496. 

Difiiculties  of  manufacture,  496,  497. 

Resistance  to  compression  and  wear,  499. 

ResisUnce  to  heat,  498. 

Cost,  496. 

Ames  Manufacturing  Company^  106^ 

Phosphorus  and  copper,  502. 

Aluminium.  608. 

Sterro-metal,  504. 

Kew  alloys  proposed,  506l 

Hoops  for  guns,  106,  601,  Table  XIIL 

Linings  for  guns,  500. 

Conclusions,  507,  508, 


Index. 
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Brooke's  hooped  gnna,  104,  ION 
Bomford  Id-ln.  gun,  10& 


Ca»t  Ixon,  854.  Bee  Also  Cast-iron  Onos. 
Weakness  a  serious  defect,  851 
Strength  ot  77,  85^  85fi. 
Quality,  150, 164,  851^  856,  800-802. 
I>eterioratloQ,  800. 
Fatigue  oC,  290. 
Elasticity,  see  Elasticity. 
Ductility,  see  Ductility. 
Besistance  to  compression  and  wear,  871, 

891. 
Want  of  uniformity,  861,  862. 
Detection  of  weakness,  868. 
Shrinkage  of  strong  irons,  the  greskfteat,  868, 

8fi9. 
For  Parrott  guns,  77. 
Transmitting  struin  by,  99. 
Solid  cast  guns,  864. 

American,  86A  note,  878  note. 

Unequal  contraction,  864. 

InlUal  strains,  864,  86a 

Loss  of  tensile  strength,  870, 

Density  of  meUl,  871. 

Weakness  to  resist  pressure,  866L 

Fast  and  slow  cooling,  866. 

Heat  of  firing,  869. 

Shape,  effect  ot,  890. 
Bollow-cast  guns,  see  IIol1ow-«Mt  Oiua. 
Conclusiuns,  50S. 
Ctet-lron  suns,  91, 92, 149,  Tables  XIII.  and  XXII. 
to  XXVI.    8e«  also  Cast  Iron,  Initial  Tension, 
Hooped  Guns^ 

Solid  cast  Me  Cast  Iron. 
Hollow  cast,  see  Hollow-cast  Gnns^ 
Bodman*s  and  Dablgn^n's  shapes,  140,  890, 
Qoallty  of  iron,  150,  168.  855-868. 
Endurance.  168,  857  note,  872, 891. 
Line<l,  see  Varying  Elasticity. 
Billed,  857,  891,  592.    bee  Killing  tad  Pro- 
jectiles. 
French,  86. 
Busslan.  169. 
British,  167. 

Endurance,  168,  Table  XXIV. 

Particniars  and  chargea,  Table  XXV. 
United   States,    149-166;    Tables    XXIL 
XXIII. 

Columbla4ls,  164,  166. 

New,  164-166:  Ust  oi;  168. 

Shape,  149,  16!^  890. 

Dahlgren,  878  note,  286. 

Quality  of  iron,  160, 168. 

Uoliow  casting,  see  UoUow-€Mt  Omis. 

10-inch  navy,  I66l 

11 -inch  navy.  166k 

15-lnch  navy,  16& 

20-inch  navy,  166. 
Chambers^s  hooped  gun,  1006. 
Charges,  Tables  XXVIIL,  "" 
Gun;  French  Gun. 


XXXIL    SeeSpaniab 


AnnstronK  gun,  26.  29, 82,  Tkble  IL 
Whitwortb, Table  VlII. 
Blakely,  Table  X. 
Parrott,  Table  XII. 
U.  8.  cast-iron,  Tables  XXII.,  XXIIL 
British  cast-iron.  Table  XXV. 
aork,  Edwin,  Esq..  841. 

Clay,  Lieutenant-Colonel,  on  the  shrinkage  of 
hoops,  269  note. 

On  forgings  and  wronghMron  guns,  416- 
419,  429. 
Clerk,  Lieutenant-Colonel,  on  change  of  figure 

due  to  heating  and  cooling  metals,  29$. 
Coils,  Annsiruns  (see  Armstrong  Gun),  7,  449, 
450, 46^  457;  t^airutt,  74,  4651 


Colbom,  Zerah,  Esq,,  on  the  elasticity  of  metals, 

841,842. 
Oolumblads,  164. 
Competitive  trials  of  rifled  guns,  see  Klfllng  and 

Projectiles. 
Confederate  guna,  66,  58,  64,  66,  78, 104.   See  also 

Blakely  Gun. 
Conybeare,  Mr.,  on  rifling  and  projectiles,  615, 

622,08a,66& 
Cooling  guns  from  within,  see  Hollow-cast  Guna. 
Cooling  guns  by  machinery,  set'  Breech-lnadlng. 
Cost  of  guns,  87,  Sa  74.  81^8,  412,  458,  474,  Tables 

IV.,  v.,  VI.,  VII.,  XXVII. 
Cylinders,  strains  by  internal  pressure,  see  Straina 

in  Guns. 
Conclusions,  270,  889,  508,  725,  789. 


Darlosxit  Guns,  see  Cast-iron  Guns. 
DacUllty  of  metala,  844, 467,  Tables  LL  to  LIIL 
LXIX 

Wrought  Iron,  848,  84».86a,  899. 
Steel,    844,    849-852,    899,    467,  472,   479, 
Tables  U.  to  LllL,  LXVI„  LXVIU., 
LXIX.  ^  n  n 

C'omparison  with  iron,  469,  479. 
Bessemer,  472. 
Safety  oC  In  guna,  849-852. 
Gain  of  strength  by  stretching,  844,  840, 

848. 
ICallet  on,  841,  849,  852,  858. 
Anderson  on,  848,  844,  899. 
Metal  for  hoops  of  guns,  see  Initial  Tension. 
Duty  of  guna,  sea  Guna,  and  Biding  and  Projeo- 
Ules. 


ELAsncrrr  or  Mrau,  840, 467. 

Limit  of;  841, 842,  846,  Table  LIII. 

Should  not  be  exceeded  in  guns,  846, 847, 
850,351. 

Belation  to  extension  In  metals,  Tables  LI. 
to  LIIL 

Principles  of  Varying,  see  Varying  Ela»> 
llcity. 

Boons,  of,  see  Initial  Tension. 

Coomclonts  oC  Tables  LI.  to  LIV. 

Mai  lit  «>n.  842, 849,  852,  858. 

Clark,  Edwin,  on.  841. 

Colbum  on,  841, 842. 

Wrought  iron,  841-848. 

Steel,  467,  479,  Table  LIL 
Ericsson,  18-in.  gima,  127. 
Experiments  against  targeta,  see  Armor. 


Faibbaikn,  Mil,  experiments  on  armor-panching 

projectiles,  718. 
Flrtb^s  steel,  45^  68. 

Flshbourne,  Captain,  on  spherical  shot  for  naral 
warihre,  289. 

On  Armstrong  gun,  450. 

On  rifling  and  proJectUe^  658,  670.  691,  688. 
Force,  effect  oC  in  guns,  see  Strains  in  Guns. 

Effect  of  different  rates  of  application,  847, 
697. 
Forging,  aee  Wrought  Iron,  and  Welds  and  Weld- 
ing. 
Forts,  see  Masonry. 
French  guns,  84-90. 

Material  and  calibre,  reason  oi;  90,  note. 

Canon  de  80,  84. 

Unhooped  gnns,  8CL 

Charges,  R& 

Strength  and  endurance.  89,  90. 

Bifllng,  see  Bifling  and  Projectiles. 

Breech-loading,  see  Breech-loading. 
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Oaubna,  armor  of  the,  208, 860L 
Qaasw 

Description  ot,  Chapter  L 
Bequireroenta  of;  Chapter  IL,  87f . 
Work  to  be  done  by,  Chapter  11^  270. 
Strains  and  structure.  Chapter  III.,  889. 
Materials    and    processes   of   Ihbricatloii, 

Chapter  IV.,  ftOa 
Cast  Iron,  see  Cast-lmn  Onns  and  Cast  Iron. 
Wrongnt  iron,  see  Wrought  Iron  Gans  and 

Wwuftht  Iron. 
Steel,  see  Steel  Gnns  and  Steel 
Bronze,  see  Bronze. 

"Work  done"  by  difllsrent,  Table  XXXVL 
Shell,  uses  of;  174  See  RllliDg  and  FTojeo- 

Ules. 
For   breaching   masonry,  278-276  B,  Ta- 
bles LXV.  and  LX  VI JL 
Working  by  machinery,  see  Breech-load- 
ing. 
Hooped,  see  Hooped  Guns  and  Initial  Ten- 
sion. 
Varying  elasticity,  principle  Ibr,  see  Varying 

ElasiTclty. 
To  operate  against  armor.  Chapter  IL  and 
Part  II. 
Unsettled  state  of  the  qaestlon,  17&. 
Best  class,  271. 

Two  classes  important,  267'-209,  271. 
Popular  notions,  186,  207-2ia 
Two  systems,  17«,  1»1,  IW  (see  Yelo- 
cltv  of  Proiectiles)  -.illustrations,  170, 
188;  combmatfon  of  systems  by  some 
gun,  178,  187.207-210;  combination 
of   systems  by  diflTerent  guns,  267; 
one  helps  the  other,  268;  objections, 
209;  advantages,  267-260. 
Armor  smashing  and  dislocating.  Table 
XXVIII.,  17"^  181, 191-198,  205-209, 
211,  212:   not  illustrate   by  light 
targets,  206,  286  C  ;  defects  of  the 
system.  185i,  198  A,  208-211,  221,  225, 
261,  267,  263;  great  distributed  and 
small  local  effect,  198,  206,  20^211; 
advantage  of  larsre  balls,  198, 222, 242; 
difficulty  uf  adapting  the   system, 
218;   time  wasted,  219;  recaiiltala- 
tlon.  224,  225. 
Armor-punching,  Table   XXXI.,  176, 
178,  181,  193,  200,  202,  207,  22fs  286, 
244^  252,  265;  defects  of  the  system, 
261,  267;  advantasres  of  the  system, 
198  A,  211.  218,  261-266;   American 
guns  for,  286;  large  diameter  of  shot 
wanted,  257,  258, '260;  below  water, 
2601 
Conclu8Ion^  270,  271,  889. 
Om-Cotton,  901. 

Report  on,  British  Association,  901. 
Chemical  considerations,  902,  918-922,  957- 

965. 
Mechanical   considerations,   908,    928-957, 

971-979. 
Practical    appllcation^    904-914,    928-937, 

967-969. 
Palisades  destroyed  by,  912,  967,  960. 
Bridges  destroyed  by,  918. 
Ships  destroyed  by,  914* 
Manulkctnre  in  Austria,  91& 
Composition,  918-920. 
Propcrtie\  918-922,  971-979. 
Information  given  by  Baron  Lenk  on  all 

features  of  gun-ootton,  928-957. 
Beport  of  Austrian  chemists,  957-965 
Safety,  957-96& 
Manufacture  and  experiments  in  England, 

966-97a 
Mr.  Scott  Russell  on,  971-979. 
Theory  of  explosion,  978,  979. 


HABDncnio  nr  Oil,  SSl  See  Steel 
Hart,  Dr.,  on  the  strength  of  guna,  888, 800. 
Heatinff  and  cooling— effect  on  metala,  299L 
Heat  of  firing— effect  on  guns,  88&     See  Cast 
Iron. 

Theory,  886,  1082-1061. 
Remedy,  88&  See  Breech-loading. 
Danger  in  iron- clad  warfare,  887. 
Heavy  shot  at  low  Teloc«t^e^  Table  XXVIIL 
Hitchoock*s  process  of  forging  guns.  460-464. 
Uollow-cast  guns.  151,  153,878, 4S2. 
Rodman^  plan.  873. 

Fabrication.  154-162, 166L 

Test,  154. 169-168. 

Object,  878. 

Cooling.  155,  160, 166,  876-^78. 

Condition  and  strength  of  the  metal, 

882. 
Regulated  initial  tension,  874-880;  state 
of  stmins.  875, 876, 878 ;  error  fh>m  ex- 
terior cooling,  877,878;  reqnireroenta 
for,  879 ;  removed  by  age,  8d0 ;  heat  of 
firing,  effect  on,  881. 
Wiard'B  plan,  888. 

Object  and  stroeture.  8S8. 
Probable  result,  884.  36S. 
Strongest  iron  may  be  used,  88fii 
Effect  of  heat  of  firing,  887. 
Homogeneous  metal,  see  Steel. 
Hoops,  see  Initial  Tension  by  Hoops  and  Descrip- 
tion of  Guna,  Chapter  I. 

Wrousht   iron,  91,  92,   800-802,  400,   445, 

Table  XI  IL 
Steel,  4S,  68,  810,  465.  478.  482, 494. 
Bronze,  106,  001,  Table  XIIL 
With  varying  elasticity,  see  Yarjring  Elas- 
ticity. 
Strength,     J 

P^?UngV  [  ^  I°*"*l  Tenalonby  Hoops. 

Site,  ) 

Hooped  Guns  (see  Initial  Tension,  Armstrong 

Gun,  Whitworth  Gun,  Blakely  Gun.  ParroU 

Gun,  Spanish  Gun,  French  Guo),  Table  XIIL, 

91, 92, 104, 109, 127. 152. 980-1051. 

Defects,  see  Initial  Tension  by  Hoops. 
British  cast-iron  experimental.  Table  XIIL 
Shape,  effect  on  strength,  410. 
History,  980-1051. 
Horsfall  wrought-iron  gun,  110,  111. 
Fabrication,  110,  112. 
Endurance,  condition,  material,  118L48S. 
Cost,  114,  Table  XXVIL     - 
History,  114. 

Experiments  on  armor,  Tables   XXVIIL, 
XXXL 
Hydraulic  forging  machinery,  498. 


IinriAL  Tbnsion  bt  Hoops,  287.    See  Chapters  L 
and  I  n. ;  Hollow-cost  Guns,  Wire- wound  Tabe& 
History  oi;  980-1051. 
Combined   with   Varying  Elasticity,   see 

Varying  Elasticity. 
Object  of,  2S7,  290,  »8. 
Law  of;  289,  298. 807. 
Illustration  of  effects,  298. 
Theoretical  accnracy  of,  296-29S. 
Professor  TreadwelFs  plan,  288,  289, 1018- 

101  6l 
Safety  of  ductile  outer  hoop,  801. 
Porcine  on  hr)Op^  44,  60, 290b 
Shrinking  on   hoop^  11,  60,  61,  TSi,  896i, 
297. 
Want  of  continuity,  291,  292,  899,  80a 
Vibration,  299,  819,  885,  445,  448. 
Elasticity  of  metal.  800.  802. 
Ductility  of  mctol,  91,  800-808. 44& 
Loosening  of  hoops,  76,  91,  800,  902,  445^ 
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Initial  tension  by  hoona. 

Dimenflions  of  hoopa,  76^  9S,  818. 

Jackets,  810. 

Transverse  strength  diminlshml,  818b 

OoQclasions,  889. 
Initial  strains,  see  Strains  on  Onna. 
Iron-clada,  s/Btems  of  destroying,  sea  Gnns»  and 
Chapter  IL 


KisKALDT  on  the  strength  of  wrought  Iron  sad 

steel  895, 408, 417,  4^  489, 478,  479. 
Krapp*s  steel  guns,  see  SteeL 

History,  180. 14a 

Principle  of  constmctlon,  184  note. 

DeseripUon,  188-184. 

Fabrication,  181, 140. 

Marketo  for.  188, 184. 

Amuunt  produced,  181  note. 

Cost,  184  note,  Table  XXVIL 

Weight,  184  note. 

9-ln.,in  Exhibition  of  1383, 182L 

For  Rnssia,  184, 184L 

Endarance,  18A-189,  401,  47^  480,  Tables 
XIX.,  XX.,  XXL 


Laiccasteb  Oirxs,  809. 

Riflinic  see  Rifling  and  Proieetiles. 
Lancaster,  <.-harles,  Esq.,  on  Riding  and  Projeo- 
tiies.  669. 

On  the  longitudinal  strength  of  gnna,  809. 
Lead  shot,  Table  XXXV 
Lined  gnna,  see  Varythir  Elasticity. 
Loading  guDS  by  machinery,  me  Brrech-loadlns; 
Lon^Undinal   strength  of  guns,  9,  10,  82,  90,  91, 
227,  804-81L 

Remedies  for  weakness.  805-810. 

Dahlgren  breech -strap,  80& 
Longridge,  Mr.  J.  A.,  experiments  on  wlra-wonnd 
guns,  see  Wire- wound  Ouns. 

On  aneoual  strain  In  the  layers  of  a  cylln- 

On  hooping  gnna,  292-296^  899. 
On  east  iron  as  a  cannon  metal,  854, 870L 
On  rifling  and  proJeotile^  812. 
Lyman^s  accelerating  gnn,  y)(XL 

Mallvt,  Kobekt,  Esq.,  on  the  effect  of  heat  In 


guna.  8 


L>n  the  elasticity  of  metals  for  cannon,  841, 
849,852. 

On  the  dnctlllty  of  metals  fur  cannon,  841, 
849,  352,  8&8. 

On  cast  iron  as  a  cannon  metal,  871. 

On  heavy  forglnga.  418, 420,  421, 427. 

86-in.  mortar  by,  109. 
Mantelets  for  embrasares,  Table  GXLL 
Martello  towers,  breaching,  see  Masonry. 
Masonrv,  breaching,  171, 272-276  R 

Btartello  towers  by  rifles  and  smooth-bores, 
278,  274,  Tables  XXXVIIL  to  XLV. 

Fort    Pulaski,   275,    276,    Tables  XLVL, 
XLVlL 

Fort  Sumter,  276  A,  Table  XLYIL  A 

Fort  Waguer,  976  B. 

Protected  by  iron,  se«  Armor. 
Metals  for  cannon,  see  Chapter  IV. 

ConcIuslon^  60S. 
Mersey  Steel  and  Iron  Co.'s  guns  (see  Horalhll 
Onn,  Prince  Alfh^d  QnnX  118-120,  429. 

Test  of,  121-128. 
Miscellaneous  hooped  guns,  81-92L 
Mortars,  109,  170. 

Mailers  86-lncb,  109. 

British,  170,  Tabic  XXTL 

United  States.  170. 

Armstrong  rifled.  Table  LXXXIX. 

57 


NxiroATunc,  SrcAim,  751. 

Naval  warf^.  Chapter  IL,  919,  856,  961. 

New,  171. 17i 

Range  of  actlona,  842,  851-854. 
Naylor,  Vickers  &  Co.*s  90-pounder  gno,  146, 488, 

SteeL  68.89,145^810. 
Now  British  gun,  41. 
,  Noble,  Captain,  on  long  range  warfare,  256. 
'      On  effect  of  velocities  of  projectiles,  177. 


On^  hardening  In,  see  Hsrdenlng  in  OIL 
Oregon  gnn,  12& 

Owen,  M^or  C  H.,  on  rifling  and  projectiles,  606, 
611 


Pallisiii,  CAFTAiit  WiLUAM.  ou  ffuns  wlth  vary* 
ing  elasticity,  see  Varying  Elasticity. 

On  the  gain  of  strength  In  wrought  iron  by 
stretching,  814. 
Parrott  gun.  74. 

Patents,  1044-1051. 

Description,  74.  78,  Table  XIL 

Fabrication.  74,  7^  46& 

Material,  74,  Tt. 

Princlplea,  76,  7a 

Strength  and  endurance,  79,  80,  811, 1061 

Cost,  Tables  XIL.  XXVIL 

Ammunition,  Table  XII. 

Rifling  and  projectiles,  see  Rifling  and  fto- 

Jectilea. 
100-pounder.  78, 1 
8-inch,  78.  79,     VTable  XIL 
10-Inch,  7&  ) 

Parsons,  P.  W.,  Esq.,  on  gnns  with  varying  ela»> 
ticity,  see  Varying  Elasticity. 

On  the  longitudinal  strength  of  gnns,  8061 
Peacemaker,  126, 426. 
Phosphorus  In  copper,  for  guns.  508. 
Phint  In  mannflwture  of  Armstrong  gnns,  87, 

Table  IV. 
Pressure  in  guns,  see  Strains  in  Guns. 
Prince  Alfred  gnn,  11^-117. 
Pruiitctiles,  see  Rifling  and  Projectiles;  Velocity 
of  Projectiles;  Armor. 

Armor-punching  (see  Part  IL),  881, 246, 847, 
r    887. 

£xperiment^  see  Armor;  Onus. 
Whitworth,  5^4-587 ;  manulheture,  56^ 

6K6;  bursting.  666i 
SUfford.  M9,  590 
Scott,  5sa 
Parrott,  5S8. 
Bates  St  Macy,  690. 
Material  097-712,  887-899.. 


Shape,  718-715L 
Rifling  neoessary  to,  860.. 
Results  considered,  866l 
Light.  MS,  849,  256,  641. 
Brearhing  mason  rv,  for,  274-87ff  B,  Tables 

XLV.  to  XLV  If.  A. 
Steel  (see  Rifling  and  Projectfles),  697-ni, 

Tables  XX  VIIL,  XXXI IL,  887-896^ 
Lead,  Table  XXXV. 
Wrought  iron  (see  Rifling  and  Projeetilea). 

697-711. 
Spherical : 

Higher  Initial  velocity,  889,  841. 

Loss  of  velocity,  951. 

Largo,  advantages  of,  888,  884,  957-960, 

898. 
Firing  fhim  rifliBd  guns,  se«  Rifling  and 

Projectiles. 
Defects  and  remedlea,  841-846, 24a 
Self-<lc8iructlon  against  armor,  8441. 94T. 
Rifled,  see  Rifling  and  Projeotilets  Chapter 
V. 
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ProJccUlefli  rifled. 

Effect  of,  alter  punching  armor,  262, 
2(B;265. 
Pnlaski,  Fort,  brfAchinc^  of,  276l 
Punching  armor,  see  Gans  and  Projeotilea 


Ram,  211,  254. 

Ranfrca,  see  Riflln^r  and  Projectilee. 
Rapid  firing,  78,VT41,  746-754. 
Reqn!r«'ment»  of  ^uns.  »ee  Oun^  Chapter  II. 
Rifled  guna,  Bee  Rifling  and  Pn)jectilet» ;  Armstroog 
Oun;  Wbltworth  Gun;  Blakely  Gan;Parrott 
Gun. 

Uses  of,  245,  250,  251,  255.  27a 
Competitive  trial  in  18CI,  592. 
Rifling  and  projectiles,  (09.  See  Projectllea,  Chap- 
ter V. 

£arl7,  609,  512,  548. 
Germa  of  present  systems,  512L 
Competitive  trials  of  cast-iron  rifled  gons, 
1861,  592. 
Guna,  592-596. 
Cost  of  p^ojeetlle^  598. 
Endurance,  SOd. 
Accuracy,  601. 

Adaptation  for  ronnd  shot,  608, 
Efliclency  of  projectile,  60^ 
Liability  to  iiijnry,  606. 
Conclusion,  607. 
Steel   projectiles,  see   Projectilea,  Arraor- 

Dunching,  S87. 
8ut>-calibrc  projectiles,  see  Projectiles,  Ar- 
mor-punching. 
Light,  24N  249.256,641. 
Masonry  breaching  projectiles,  see  Projec- 
tiles. 
Shells  for  molten  metal,  591. 
Windage,  647-662,  676-678. 
Increasing  twist.  672. 

Elongatea  shot  from  smtxith -bores,  719-724 
8i)heHcal  shot  from  rifled  guns,  79,  245,  246i, 

Table  cm.,  692. 
Liability  of  projectile  to  injnry,  686L 
Capacity  and  destructiveness  ot  shells,  716- 

718. 
Russian,  509,  522,  557,  558L 
Cavalll,  510. 
Wahrendorf,  511. 
Timmerbaus,  51 1. 
Austrian,  521 :  for  gun-cotton,  621. 
Continental,  526. 
BrookeX  105. 
AtwaterX  652. 

Centering  system,  510, 518, 514, 625-681, 665- 
696. 
Scott,  585-587,  58S.  592:  trial,  1861,  687, 

1068;  Iidvantage^  669. 
Lanctister,  527-529,  692.  1069;  in  the 
Crimea.  527;  trials,  1861. 523;  defects, 
658,659. 
Haddan,  580. 602. 
Thonina.  58a  589. 

French,  84,  87.  515-520,  602. 1068;  Eng- 
lish experiments  with,  516,  602;  80- 
poiinder,  blh;  windage,  see  Windage; 
field-gun,  o2<). 
8|>anish,  524.  525. 

Whitworth,  Tabic  VUL,  51, 52. 581-584, 
5S4-5'>7,  W5-050:  hbape  of  bore,  581, 
cost,  5i)2:  cartridgu^  582:  proj(H:tile, 
588,  5^>4-5.s7;  practice,  584;  dcfecta, 
656, 661.  668,  664. 
Sawyer,  54<>. 
Pattison,  541. 
Compressing  system,  511,  548,  625-681,  665- 

Early  Prussian,  541 


Rifling  and  projectiloa,  compressing  aratem. 

Armstrong,  14-16,  2V^,  80,  Table  L, 
545 ;  defccta.  G25-681, 642-644 ;  particu- 
lara,  546,  549;  pracUce,  547,  Tables 
LXXX.  to  LXXXIX.;  segmental 
ahell,  560;  cartridges,  651;  mortar. 
Table  LXXZIX. ;  shunt,  14, 552. 602; 
narticulars,   568-555;    Russian,  557, 

Expanding  system,  511,  550,  625-681,  665- 
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Velocity   and   causes  affecting,  689,   28fU 
840.  see  Velocity  of  Pnijectiiea;  Tables, 
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Rodman,  Captain,  on  the  offecta  of  different  rates 
I      of  applying  force,  847 
Russian  guns. 

Blakely,  65. 
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Shot,     f  see  Projectiles,  and  Rifling  and  Projec- 
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Shrinking  tubes  together,  see  Initial  Tension. 
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Hoops,  see  Initial  Tension. 
Shells  and  shot  (see  Projectiles;  Armor), 

8S7. 
Armor,  218. 
Systems  of  lubrication. 
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Conclusions,  889. 
Velocity  of  projectiles  (»ee  Bifling  and  Projec- 
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I>etection  of  weakneaa,  899. 
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